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1.0 INTRODUCTION

The purpose of this document is to outline a plan for the field sampling and

laboratory analysis to be performed in support of Remedial Investigation/
Feasibility Studies (RI/ES) at Air Force Plant No. 4 (4FF 4) located near Fort
Worth, Texas. Included in this plan are activities to be performed as

Preliminary Assessment! Site Inspection (PA/SI). This sampling and analysis
plan is intended to be a guide that incorporates specific rationale and

objectives for each sampling and analysis activity, sampling protocols and
procedures, analytical protocols and procedures, data and document management,
and data interpretation and evaluation. Also included are logistics and
schedule for the RI/FS.

The sections that follow describe in detail the field investigation activities
for areas at AFP 4, known or suspected to contain hazardous waste
contamination, that require additional information on the type(s) and extent
of contaminants that may pose a threat to human health or the environment.
These sites are identified in the Work Plan (Volume I) that accompanies this

plan. This plan addressed the sampling objectives, designs and procedures for
each area. Figures are included that show the proposed sampling locations and
corresponding tables are included to identify sample number, type and required
analyses. Sections describing general sample handling, data and document
management, logistics, and schedule are project-wide and follow discussions of
the individual sampling sites.

Results of the field investigation outlined in this document will be used in
the evaluation of: (1) the presence or absence and relative concentrations of
reported or suspected contaminants at the waste sites, (2) the vertical and
lateral extent of contamination, and (3) the potential pathways for the
migration of contaminants within the environment. Based on these results,
remedial action alternatives can be evaluated and public health assessments
and feasibility studies can be completed.



;3 102.0 SITE BACKGROUND

2.1 GENERAL BACKGROUND INFORMATION

2.1.1 Location

The AFP 4 facility is located in Tarrant County Texas, seven miles northwest
of the City of Fort Worth Texas (Figure 2-1). AFP 4 occupies 602 acres and is
bounded on the north by Lake Worth, on the east by Carswell Air Force Base,
and on the south and west by the City of White Settlement. A detailed map of
AFP 4 (Plate 1) is provided in the back pocket of this document.

2.1.2 Geologic and Hydrologic Setting

The geology of the AFP 4 area is characterized by a thin veneer of Quaternary
age detrital alluvial deposits and fluvial terrace deposits overlying a
sequence of Cretaceous sedimentary formations which in turn overlies a thick
sequence of undifferentiated Paleozoic rocks. Figure 2-2 is a generalized
stratigraphic column of the AFP 4 area.

The surficial deposits at AFP 4 consist mainly of two soil types: clayey soils
of the Sanger-Purves-Slidell association; and clayey soils of the Aledo-Bolar-
Sanger associations. These soils range in thickness from approximately 8 to
80 inches and consist mainly of clay loam, clays and silty clays.

Below the soil layer are deposits of Quaternary alluvium which consist of
sands,gravels, clay and silt representing detrital alluvial deposits and
fluvial terrace deposits. These deposits form a thin veneer (0-40 ft.)
overlying Cretaceous age rocks. The deposits are generally unconsolidated.

The Goodland Limestone underlies the Quaternary alluvium in most areas at AFP
4. This formation is a dense, thinly to massively bedded fossiliferous
limestone which is reportedly extensively jointed and weathered in places.
The Goodland Limestone has been completely removed in some areas of AFP 4.
The formation ranges from 0—47 ft at AFP 4.

Below the Goodland Limestone are indurated fossiliferous lirnestones of the
Walnut Formation. The Walnut Formation ranges in thickness from 0-46 ft at
AFP 4. Although much of the Walnut Formation has been removed by erosion and
is missing in one area of AFP 4, no faults or prominent fractures are known to
occur in the Walnut at AFP 4.

Older Cretaceous rocks below the Walnut Formation include in descending order,
the Paluxy Formation (Upper and Lower), the Glen Rose Formation, and the Twin
Mountains Formation. The Paluxy Formation consists of an upper unit which is
predominantly made up of fine-grained sandstone and a lower unit of coarser
grained series of interbedded sand, clay, and shale. The Glen Rose Formation
consists of fine-grained limestone, shale, marl and sandstone. The Twin
Mountains Formation consists of coarse—to fine-gra-ined sandstone, red shale,
and red and yellow clay at the base.

The aquifer systems of concern at AFP 4 are referred to as the upper zone and
the Paluxy aquifers. The upper zone hydrogeologic unit is an unconfined
aquifer contained mainly within the Quaternary alluvium and weathered Goodland

2
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Limestone. The groundwater in the upper zone occurs as a perched water table
which is separated from underlying aquifers by the Walnut Formation which acts
as an aquitard. Groundwater flow in the upper zone is influenced by the
erosional surface of the Walnut Formation. Recharge of the upper zone at AFP
4 is from within AFP 4 and discharge occurs at seeps along the 1eandering Road
Creek adjacent to AFP 4. To the east, discharge is thought to occur into the
Trinity River. There is no known use of the upper zone groundwater in the
immediate area of AFP 4.

The Paluxy aquifer is an important source of potable groundwater in the Fort
Worth area. Communities surrounding AFP 4 have developed municipal water
supplies from the Paluxy aquifer. The Paluxy Formation contains at least two
distinct sand units separated by clay and shale in the AFP 4 area. The upper
sand unit of the Paluxy Formation is fine—grained and contains interbedded
clay and cemented sandstone. This Unit iS dry in many areas of AFP 4. The
sand is saturated to the East of the Assembly Building! Parts Plant. Recharge
of the upper sand is thought to be by leakage from the overlying upper zone
especially in areas where the Walnut Formation is thin or absent.

The second sand unit occurs in the middle portion of the Paluxy Formation.
This unit is thicker, more homogeneous, and more permeable than the upper sand
Unit. Below this unit, the lithology consists of interbedded sand, clay, and
shale. The City of White Settlement pumps groundwater from wells completed in
the middle Paluxy aquifer. Recharge to this aquifer in the area of AFP 4 is
mainly from Lake Worth. Groundwater flow is to the southeast.

The Twin Mountains aquifer, which occurs below the Paluxy aquifers, is
separated from the Paluxy Formation by the Glen Rose Formation which acts as
an aquitard. The Twin Mountains aquifer is the principal water supply aquifer
for the AFP 4 area. Recharge to this aquifer occurs west of AFP 4 and since
the aquifer is approximately 600 ft below AFP 4 and no communication between
the Paluxy aquifers and the Twin Mountains aquifer is suspected, contamination
of the aquifer by activities at AFP 4 seems unlikely.

Surface water drainage at AFP 4 is mainly by storm drains and culverts which
discharge to Lake Worth, Meandering Road Creek, or a tributary of Farmers
Branch of the West Fork Trinity River. Meandering Road Creek also receives
upper zone groundwater discharge from AFP 4 which in turn flows to Lake Worth.

2.1.3 Installation History

AFP 4 became operational in 1942 when Consolidated Aircraft began
manufacturing the B-24 bomber for national defense during World War II. In
1953, General Dynamics took over operation of the manufacturing facility.
Since 1953, AFP 4 has produced B—36, 6—58, and F—ill aircraft and currently
produces F—16 aircraft. In addition to F-16 aircraft, General Dynamics
produces spare parts, radar units and missile components.

Manufacturing operations at AFP 4 have resulted in the generation of various
hazardous wastes which include waste oils, fuels, spent solvents, paint
residues, and spent process chemicals. Throughout most of the plants history,
waste oil, solvents, and fuels were disposed of at on-site landfills or were
burned in fire training exercises. Chemical wastes were initially discharged
to the sanitary sewer system which went to the City of Fort Worth treatment

S



53 14
system. In the 1970s chemical process wastes were treated on-site at a newly
constructed chemical waste treatment system prior to being discharged to the
sanitary sewer system. Currently, waste oils and solvents are disposed of by
a contractor and burning of these wastes has been discontinued. Chemical
wastes continue to be treated on-site.

2.2 PREVIOUS WORK

Contamination studies and interim remedial action activities began in 1982 at
AFP 4 and have continued until the present. Interim remedial action began
with the installation of a french drain at Landfill 1 to intercept leachate
flowing from the landfill area toward Meandering Road Creek.

Hargis and Montgomery, Inc. and Hargis and Associates, Inc. provided
nearly continuous support to General Dynamics from 1982 to 1989 in various
contaminant, hydrologic and geologic investigations at AFP 4. This included
the installation and sampling of approximately 175 monitoring wells and the
drilling of numerous soil borings.

The IRP program at AFP 4 was initiated in 1984 when CH2M Hill conducted a
Phase I Records Search and ranked 20 identified disposal sites (Figure 2-3)
according to the USAF Hazard Assessment Rating Methodology (HARM).

The U.S. Army Corps of Engineers was retained in June of 1985 to further
delineate groundwater conditions along the southern base boundary and the East
Parking Lot area of AFP 4. The Corps drilled 28 soil borings and constructed
6 monitoring wells.

Radian Corporation was retained -in September, 1985 to perform Stage I, Phase
II, Confirmation/Quantification of the IRP. In support of this investigation,
Radian drilled 11 soil borings and constructed 12 groundwater monitoring
well s.

In December, 1985, Intellus Corporation was contracted to conduct an IRP Phase
IV A Remedial Action Plan for ten potential disposal sites and Phase IV B
Design and Construction for Fuel Saturation Areas Nos. 1 and 3. In support of
this effort, Intellus drilled 12 soil borings and constructed 24 groundwater
monitoring wells.

The activities proposed in this plan are essentially a continuation of the
former IRP activities. All work, however, will be conducted according to
guidance prepared by the EPA for conducting Remedial Investigation/Feasibility
Studies (RI/FS) for CERCLA sites. A site-wide data base was established by
General Dynamics which contains data from previous investigations. These data
base will be updated as new information becomes available and RI/FS conclu-
sions and recommendations will be based on all available information.

6
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3 163.0 SAMPLING OBJECTIVES

3.1 INTRODUCTION

The overall objectives of the PA/SI and RI/FS processes are to ensure that
there is no risk to human health or safety and to ensure compliance with
Federal and State laws. To this end, certain data gaps must be filled prior
to making decisions on Remedial Action Alternatives. The following general
objectives have been established for the PA/SI activities required for the

Assembly Building/Parts Plant (Figure 3—i) and the Underground Storage Tanks
(removed) Nos.19, 20, 24A, 24B, 25A, and 30 (Figure 3—2):

Assembly Building/Parts Plant

Define specific target areas as potential source areas for subsurface
soil and groundwater contamination.

Provide preliminary information on the vertical distribution of
contaminants.

Better define groundwater flow directions and provide additional
groundwater quality data.

Make recommendations concerning the need for further investigations
to be completed as part of the RI/FS for AFP 4.

The overall objectives of the PA/SI investigations of the locations of former
underground storage tanks are to:

Determine if the tanks have released contaminants which exceed
regulatory standards into the environment.

If contaminants have been released, provide preliminary data on the
vertical and horizontal extent of the contamination.

Determine if the groundwater quality has been affected by contaminant
releases associated with the former tanks and provide preliminary
groundwater flow information.

Make recommendations for the need for further investigations to be
conducted as part of the RI/FS for AFP 4.

The objectives established for the previously identified hazardous wastes sites
vary according to the amount and type(s) of existing data available. Although
RI/FS objectives are site—specific, several basic objectives will be addressed
by RI field investigation activities:

Determine lateral and vertical limits of contaminants.

•
Identify and assess contaminant pathways or mechanisms which could
affect the human or natural environment.

Assess risk or harm to health, safety, public welfare, and the
environment from current conditions at AFP 4.
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Provide data required to develop a range of remedial action
alternatives designed to reduce or eliminate the possible adverse
effects to the human or natural environment.

• Develop, screen, and analyze remedial action alternatives and present
preferred alternatives for a Record of Decision (ROD).

• Perform an environmental assessment of the proposed remedial action(s)
to determine the potential safety or health effects resulting from the
remedial action activities.

• Provide recommendations for additional investigations if data gaps
still exist.

3.2 DATA QUALITY OBJECTIVES

Due to the fact that AFP 4 is on the proposed federal Superfund National
Priorities List (NPL), the ultimate objective is to obtain sufficient data and
to perform necessary remedial action(s) on former waste and spill sites
necessary to obtain "No Further Action" decisions resulting in removal of AFP
4 from the list. The data collection program proposed in this Sampling and
Analysis Plan is designed to provide data which meet specified requirements
for precision, accuracy, representativeness, completeness, and comparability
to be used in making decisions on remedial action alternatives for AFP 4. The
RI/FS for AFP 4 is not typical of other Superfund sites in that much of the
scoping process and field investigation activities were completed as part of
the IRP program. Therefore, the field investigation activities presented in
this plan represent a mixture of PA/SI, RI/FS, remedial design and remedial
action activities. Each activity will have specific data quality objectives.
In many cases a phased approach in data collection will be used to meet a

specific objective.

This plan uses the classification of appropriate analytical levels as
specified in the EPA guidance document Data Quality Objectives for Remedial
Response Activities Development Process (EPA, 1987), which allows data to be
categorized according to the level of analytical support required to meet
specific data usage objectives. The following is a brief description of the
data levels used:

• Level I- field screening or analysis using portable instruments.
Results are often not compound specific and not quantitative but
results are available in real—time. It is the least costly of the
analytical options.

Level II- field analyses using more sophisticated portable analytical
instruments: in some cases, the instruments may be set up in a mobile
laboratory on site. There is a wide range in the quality of the data
that can be generated. It depends on the use of suitable calibration
standards, reference materials, and sample preparation equipment: and
the training of the operator. Results are available in real—time or
several hours.

11



• Level III— all analyses performed in an off—site analytical
laboratory. Level III analyses may or may not use CLP procedures,
but do not usually utilize the validation or documentation procedures
required of CLP Level IV analysis. The laboratory may or may not be a
CLP laboratory.

• Level IV- CLP routine analytical services (RAS). All analyses are
performed in an off—site CLP analytical laboratory following CLP
protocols. Level IV is characterized by rigorous QA/QC protocols and
documentation.

Level V— analysis by non—standard methods. All analyses are performed
in an off—site analytical laboratory which may or may not be a CLP
laboratory. Method development or method modification may be required
for specific constituents or detection limits. CLP special analytical
services (SAS) are Level V.

Table 3-1 is a summary of site—specific data quality objectives which lists
the type of data to be collected, the objective for collecting the data, the
proposed data usage, and the analytical level required.

3.3 SAMPLING RATIONALE AND DESIGN

The following section is designed to show the rationale behind the field
investigation studies to be performed at AFP 4 and to present the sampling
design selected to accomplish the work. This section is organized by site

and presents site—specific findings based on previous work, current sampling
and analysis objectives, and sampling and analysis design. Figures show the
general sampling areas and where possible, the specific sampling points for
each site.

3.3.1 Assembly Building/Parts Plant

3.3.1.1 Findings

Groundwater contamination is present downgradient of the Assembly
Building/Parts Plant. Most investigations to date have concentrated on
defining the extent of the contaminant plume and as a result, the source of
the contamination has not been determined. The most widespread contaminant
east of the building is TCE. Past spills of ICE have reportedly occurred
within the chemical process building adjacent to the Parts Plant. Trenches,
sumps, floor drains, and buried pipelines are also present throughout the
manufacturing facility. These are all potential source areas for
contamination resulting from spills and leaks.

3.3.1.2 Sampling and Analysis Objectives

The main objective of the PA/SI investigation of the Assembly Building/Parts
Plant is to identify potential source areas for contamination present in
groundwater downgradient of the buildings. Screening of the entire perimeter
of the buildings will provide both upgradient and downgradient information on
the type and extent of contamination in soils and groundwater. Specific areas
of contamination will be further investigated to help define the contaminant

12



p
—
 
i
r
 

r•
' 

'-'
 T

ab
le

 3
—
i
 

S
u
m
m
a
r
y
 o
f
 
D
a
t
a
 Q
u
a
l
i
t
y
 
O
b
j
e
c
t
i
v
e
s
 f
o
r
 P
A
/
S
I
 
a
n
d
 R
I
/
F
S
 
A
c
t
i
v
i
t
i
e
s
 A
F
P
 
4
.
 

S
i
t
e
 

D
a
t
a
 T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

D
a
t
a
 U
s
e
 

A
n
a
l
y
t
i
c
a
l
 

L
e
v
e
l
 

A
s
s
e
m
b
l
y
 B
u
i
l
d
i
n
g
/
 

P
a
r
t
s
 
P
l
a
n
t
 

S
o
i
l
 
G
a
s
 

I
d
e
n
t
i
f
y
 t
a
r
g
e
t
 s
o
u
r
c
e
 a
r
e
a
s
 

f
o
r
 c
o
n
t
a
m
i
n
a
t
i
o
n
 

P
r
e
l
i
m
i
n
a
r
y
 A
s
s
e
s
s
m
e
n
t
/
 

S
i
t
e
 
I
n
s
p
e
c
t
i
o
n
 

L
e
v
e
l
 
I
I
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
I
d
e
n
t
i
f
y
 t
y
p
e
s
 o

f
 
c
o
n
t
a
m
i
n
a
n
t
s
 

p
r
e
s
e
n
t
 
i
n
 
s
o
i
l
 
g
a
s
 
t
a
r
g
e
t
 a
r
e
a
s
 

P
r
e
l
i
m
i
n
a
r
y
 A
s
s
e
s
s
m
e
n
t
/
 

S
i
t
e
 
I
n
s
p
e
c
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

G
r
o
u
n
d
w
a
t
e
r
 A
n
a
l
y
s
e
s
 
I
d
e
n
t
i
f
y
 t
y
p
e
s
 
o
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 

p
r
e
s
e
n
t
 
i
n
 
g
r
o
u
n
d
w
a
t
e
r
 i

n
 
s
o
i
l
 

g
a
s
 
t
a
r
g
e
t
 a
r
e
a
s
 

P
r
e
l
i
m
i
n
a
r
y
 A
s
s
e
s
s
m
e
n
t
/
 

S
i
t
e
 
I
n
s
p
e
c
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

G
r
o
u
n
d
w
a
t
e
r
-
L
e
v
e
l
 

M
e
a
s
u
r
e
m
e
n
t
s
 

P
r
o
v
i
d
e
 p
r
e
l
i
m
i
n
a
r
y
 g
r
o
u
n
d
w
a
t
e
r
 

f
l
o
w
 
d
i
r
e
c
t
i
o
n
 
i
n
f
o
r
m
a
t
i
o
n
 
f
o
r
 

e
n
t
i
r
e
 m
a
n
u
f
a
c
t
u
r
i
n
g
 b
u
i
l
d
i
n
g
 

p
e
r
i
m
e
t
e
r
 

P
r
e
l
i
m
i
n
a
r
y
 A
s
s
e
s
s
m
e
n
t
/
 

S
i
t
e
 
I
n
s
p
e
c
t
i
o
n
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 

I
 

U
n
d
e
r
g
r
o
u
n
d
 

S
t
o
r
a
g
e
 T
a
n
k
s
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 

D
e
t
e
r
m
i
n
e
 
i
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 a
r
e
 

p
r
e
s
e
n
t
 
i
n
 
s
o
i
l
s
 
s
u
r
r
o
u
n
d
i
n
g
 

t
h
e
 
l
o
c
a
t
i
o
n
 o
f
 f
o
r
m
e
r
 
t
a
n
k
s
 

P
r
e
l
i
m
i
n
a
r
y
 A
s
s
e
s
s
m
e
n
t
/
 

S
i
t
e
 
I
n
s
p
e
c
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

G
r
o
u
n
d
w
a
t
e
r
 A
n
a
l
y
s
e
s
 

D
e
t
e
r
m
i
n
e
 
i
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 f
r
o
m
 

t
h
e
 
f
o
r
m
e
r
 t
a
n
k
 a
r
e
a
 
h
a
v
e
 e
n
t
e
r
e
d
 

t
h
e
 g
r
o
u
n
d
w
a
t
e
r
 s
y
s
t
e
m
 

P
r
e
l
i
m
i
n
a
r
y
 A
s
s
e
s
s
m
e
n
t
/
 

S
i
t
e
 
I
n
s
p
e
c
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

O
r
g
a
n
i
c
 V
a
p
o
r
 

M
o
n
i
t
o
r
i
n
g
 

F
i
e
l
d
 
s
c
r
e
e
n
i
n
g
 f
o
r
 b
i
a
s
e
d
 
s
a
m
p
l
e
 

s
e
l
e
c
t
i
o
n
 a
n
d
 
h
e
a
l
t
h
 a
n
d
 
s
a
f
e
t
y
 

b
r
e
a
t
h
i
n
g
 
z
o
n
e
 p
r
o
t
e
c
t
i
o
n
 

P
r
e
l
i
m
i
n
a
r
y
 A
s
s
e
s
s
m
e
n
t
/
 

S
i
t
e
 
I
n
s
p
e
c
t
i
o
n
 

L
e
v
e
l
 

I
 

ci
 



T
a
b
l
e
 
3
-
1
 
(
c
o
n
t
i
n
u
e
d
)
.
 

S
u
m
m
a
r
y
 o
f
 
D
a
t
a
 Q
u
a
l
i
t
y
 O
b
j
e
c
t
i
v
e
s
 
f
o
r
 P
A
/
S
I
 
a
n
d
 R
I
/
F
S
 A
c
t
i
v
i
t
i
e
s
 
A
F
P
 
4
 

S
i
t
e
 

D
a
t
a
 T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

D
a
t
a
 U
s
e
 

A
n
a
l
y
i
c
a
l
 

L
e
v
e
l
 

L
a
n
d
f
i
l
l
 
N
o
.
 

1
 

G
r
o
u
n
d
w
a
t
e
r
 A
n
a
l
y
s
e
s
 

C
o
n
f
i
r
m
 c
o
n
c
e
n
t
r
a
t
i
o
n
s
 o
f
 

c
o
n
t
a
m
i
n
a
n
t
s
 i
n
 
g
r
o
u
n
d
w
a
t
e
r
,
 

a
r
e
a
l
 
e
x
t
e
n
t
 
a
n
d
 d
i
s
t
r
i
b
u
t
i
o
n
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

R
i
s
k
 
A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
a
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

L
e
v
e
l
 
I
V
 

G
r
o
u
n
d
w
a
t
e
r
-
l
e
v
e
l
 

M
e
a
s
u
r
e
m
e
n
t
s
 

D
e
f
i
n
e
 g
r
o
u
n
d
w
a
t
e
r
 f
l
o
w
 d
i
r
e
c
t
i
o
n
s
 

a
n
d
 m
a
g
n
i
t
u
d
e
 
a
n
d
 
d
i
r
e
c
t
i
o
n
 o
f
 

h
y
d
r
a
u
l
i
c
 g
r
a
d
i
e
n
t
s
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

R
i
s
k
 
A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 d
e
s
i
g
n
 

L
e
v
e
l
 
I
 

A
q
u
i
f
e
r
 S
l
u
g
 
T
e
s
t
s
 

D
e
t
e
r
m
i
n
e
 h
y
d
r
a
u
l
i
c
 c
o
n
d
u
c
t
i
v
i
t
y
 

a
n
d
 
f
l
o
w
 v
e
l
o
c
i
t
y
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

R
i
s
k
 
A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

L
e
v
e
l
 
I
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 

D
e
t
e
r
m
i
n
e
 t
h
e
 c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
 

d
i
s
t
r
i
b
u
t
i
o
n
,
 a
n
d
 
a
r
e
a
l
 
e
x
t
e
n
t
 

o
f
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

L
e
v
e
l
 
I
V
 

O
r
g
a
n
i
c
 V
a
p
o
r
 

M
o
n
i
t
o
r
i
n
g
 

S
c
r
e
e
n
i
n
g
 f
o
r
 
b
i
a
s
e
d
 s
a
m
p
l
i
n
g
 

a
n
d
 
h
e
a
l
t
h
 a
n
d
 
s
a
f
e
t
y
 p
e
r
s
o
n
n
e
l
 

b
r
e
a
t
h
i
n
g
 z
o
n
e
 
p
r
o
t
e
c
t
i
o
n
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 

L
e
v
e
l
 
I
,
 

I
I
 

L
a
n
d
f
i
l
l
 
N
o
.
 
3
 

G
r
o
u
n
d
w
a
t
e
r
 A
n
a
l
y
s
e
s
 

C
o
n
f
i
r
m
 c
o
n
c
e
n
t
r
a
t
i
o
n
s
 o
f
 

c
o
n
t
a
m
i
n
a
n
t
s
,
 d
i
s
t
r
i
b
u
t
i
o
n
,
 

a
n
d
 
a
r
e
a
l
 
e
x
t
e
n
t
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

L
e
v
e
l
 
I
V
 



ps
 

r.
I*

 T
ab

le
 
3
-
1
 
(
c
o
n
t
i
n
u
e
d
)
.
 

S
u
m
m
a
r
y
 o
f
 
D
a
t
a
 Q
u
a
l
i
t
y
 O
b
j
e
c
t
i
v
e
s
 f
o
r
 
P
A
/
S
A
 a
n
d
 
R
I
/
F
S
 A
c
t
i
v
i
t
i
e
s
 
a
t
 
A
F
P
 
4
 

S
i
t
e
 

D
a
t
a
 
T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

D
a
t
a
 
U
s
e
 

A
n
a
l
y
t
i
c
a
l
 

L
e
v
e
l
 

L
a
n
d
f
i
l
l
 
N
o
.
 
3
 

G
r
o
u
n
d
w
a
t
e
r
-
L
e
v
e
l
 

D
e
t
e
r
m
i
n
e
 
t
h
e
 d
i
r
e
c
t
i
o
n
 a
n
d
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 

I
 

(
c
o
n
t
i
n
u
e
d
)
 

M
e
a
s
u
r
e
m
e
n
t
s
 

m
a
g
n
i
t
u
d
e
 o
f
 
t
h
e
 h
y
d
r
a
u
l
i
c
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

g
r
a
d
i
e
n
t
s
 a
t
 
t
h
e
 s
i
t
e
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

A
q
u
i
f
e
r
 S
l
u
g
 
T
e
s
t
s
 

D
e
t
e
r
m
i
n
e
 h
y
d
r
a
u
l
i
c
 c
o
n
d
u
c
t
i
v
i
t
y
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
 

t
o
 
a
i
d
 
i
n
 
d
e
t
e
r
m
i
n
i
n
g
 f
l
o
w
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

v
e
l
o
c
i
t
y
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

F
r
e
e
 
P
r
o
d
u
c
t
 

I
d
e
n
t
i
f
y
 t
y
p
e
 o
f
 
p
r
o
d
u
c
t
 
p
r
e
s
e
n
t
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 

t
o
 
a
i
d
 
i
n
 
d
e
t
e
r
m
i
n
i
n
g
 s
o
u
r
c
e
 

S
u
r
f
a
c
e
 
W
a
t
e
r
 

C
o
n
f
i
r
m
 
t
h
e
 p
r
e
s
e
n
c
e
 o
r
 
a
b
s
e
n
c
e
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

S
a
m
p
l
e
 
A
n
a
l
y
s
e
s
 

o
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 
i
n
 
s
u
r
f
a
c
e
 w
a
t
e
r
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

f
r
o
m
 M
e
a
n
d
e
r
i
n
g
 R
o
a
d
 
C
r
e
e
k
 

S
e
d
i
m
e
n
t
 
S
a
m
p
l
e
 

C
o
n
f
i
r
m
 
t
h
e
 p
r
e
s
e
n
c
e
 o
r
 
a
b
s
e
n
c
e
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

A
n
a
l
y
s
e
s
 

o
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 
i
n
 
s
e
d
i
m
e
n
t
s
 
f
r
o
m
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

M
e
a
n
d
e
r
i
n
g
 R
o
a
d
 
C
r
e
e
k
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

L
a
n
d
f
i
l
l
 
N
o
.
 
4
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
D
e
t
e
r
m
i
n
e
 p
r
e
s
e
n
c
e
,
 d
i
s
t
r
i
b
u
t
i
o
n
,
 
a
n
d
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

e
x
t
e
n
t
 o
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 i

n
 
s
o
i
l
s
 o
f
 
t
h
e
 
R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

M
e
a
n
d
e
r
i
n
g
 R
o
a
d
 
C
r
e
e
k
 
f
l
o
o
d
p
1
a
i
n
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

F
D
T
A
 N

o
.
 
2
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
C
o
n
f
i
r
m
 
p
r
e
s
e
n
c
e
 o

r
 
a
b
s
e
n
c
e
,
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 

I
I
I
 

d
i
s
t
r
i
b
u
t
i
o
n
,
 a
n
d
 
a
r
e
a
l
 
e
x
t
e
n
t
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

o
f
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 



T
a
b
l
e
 3
-
1
 
(
c
o
n
t
i
n
u
e
d
)
.
 

S
u
m
m
a
r
y
 o
f
 
D
a
t
a
 
Q
u
a
l
i
t
y
 O
b
j
e
c
t
i
v
e
s
 
f
o
r
 
P
A
/
S
I
 
a
n
d
 R
I
/
F
S
 A
c
t
i
v
i
t
i
e
s
 
a
t
 
A
F
P
 
4
 

S
i
t
e
 

D
a
t
a
 
T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

.
 

D
a
t
a
 U
s
e
 

A
n
a
l
y
t
i
c
a
l
 

L
e
v
e
l
a
 

—
—

--
—

-—
--

--
--

--
--

--
-—

--
 

-—
--

-—
- 

F
D

T
A

 
N

o.
 

2
 

G
r
o
u
n
d
w
a
t
e
r
 
S
a
m
p
l
e
 

D
e
t
e
r
m
i
n
e
 
i
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 f
r
o
m
 

—
-—

--
--

--
—

—
--

--
- 

S
ite

 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

—
 

Le
ve

l 
III

 
(
c
o
n
t
i
n
u
e
d
)
 

A
n
a
l
y
s
e
s
 

t
h
e
 F
D
T
A
 
N
o
.
 
2
 
h
a
v
e
 a
f
f
e
c
t
e
d
 

g
r
o
u
n
d
w
a
t
e
r
 q
u
a
l
i
t
y
 a
n
d
 

a
s
s
e
s
s
 
t
h
e
 n
e
e
d
 
f
o
r
 a
d
d
i
t
i
o
n
a
l
 

m
o
n
i
t
o
r
i
n
g
 w
e
l
l
s
 

F
D
T
A
 
N
o
.
 
5
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
C
o
n
f
i
r
m
 c
o
n
t
a
m
i
n
a
n
t
 c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

d
i
s
t
r
i
b
u
t
i
o
n
,
 a
n
d
 
a
r
e
a
l
 
e
x
t
e
n
t
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

G
r
o
u
n
d
w
a
t
e
r
 S
a
m
p
l
e
 

D
e
t
e
r
m
i
n
e
 
i
f
 
F
O
T
A
 N

o
.
 
5
 
i
s
 
a
 
s
o
u
r
c
e
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
V
 

A
n
a
l
y
s
e
s
 

o
f
 
g
r
o
u
n
d
w
a
t
e
r
 c
o
n
t
a
m
i
n
a
t
i
o
n
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

G
r
o
u
n
d
w
a
t
e
r
-
L
e
v
e
l
 

D
e
f
i
n
e
 
g
r
o
u
n
d
w
a
t
e
r
 f
l
o
w
 d
i
r
e
c
t
i
o
n
s
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

M
e
a
s
u
r
e
m
e
n
t
s
 

a
n
d
 m
a
g
n
i
t
u
d
e
 
a
n
d
 d
i
r
e
c
t
i
o
n
 o
f
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

h
y
d
r
a
u
l
i
c
 g
r
a
d
i
e
n
t
s
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

A
q
u
i
f
e
r
 
S
l
u
g
 T
e
s
t
s
 

D
e
t
e
r
m
i
n
e
 
h
y
d
r
a
u
l
i
c
 c
o
n
d
u
c
t
i
v
i
t
y
 a
n
d
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
 

f
l
o
w
 v
e
l
o
c
i
t
y
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

F
D
T
A
 N
o
.
6
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
E
v
a
l
u
a
t
e
 s
o
i
l
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 a
r
o
u
n
d
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
V
 

p
e
r
i
m
e
t
e
r
 o
f
 
e
x
c
a
v
a
t
e
d
 p
o
r
t
i
o
n
 o
f
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

F
D
T
A
 
N
o
.
 
6
 
t
o
 
d
e
t
e
r
m
i
n
e
 i

f
 
a
d
d
i
t
i
o
n
a
l
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

r
e
m
e
d
i
a
l
 
a
c
t
i
o
n
 
i
s
 
n
e
c
e
s
s
a
r
y
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 



T
a
b
l
e
 3
-
1
 
(
c
o
n
t
i
n
u
e
d
)
.
 

S
u
m
m
a
r
y
 o
f
 
D
a
t
a
 Q
u
a
l
i
t
y
 O
b
j
e
c
t
i
v
e
s
 
f
o
r
 P
A
/
S
I
 
a
n
d
 R
I
/
F
S
 A
c
t
i
v
i
t
i
e
s
 
a
t
 
A
F
P
 
4
 

S
i
t
e
 

D
a
t
a
 T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

D
a
t
a
 U
s
e
 

A
n
a
l
y
t
i
c
a
l
 

L
e
v
e
l
 

F
D
T
A
 N
o
.
 
6
 

G
r
o
u
n
d
w
a
t
e
r
 S
a
m
p
l
e
 

I
f
 
w
a
t
e
r
 
i
s
 
en

co
un

te
re

d 
i
n
 
s
o
i
l
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

(
c
o
n
'
t
)
 

A
n
a
l
y
s
e
s
 

b
o
r
i
n
g
s
,
 d
e
t
e
r
m
i
n
e
 g
r
o
u
n
d
w
a
t
e
r
 

q
u
a
l
i
t
y
 

D
i
e
 
Y
a
r
d
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
D
e
t
e
r
m
i
n
e
 
i
f
 
M
C
L
s
 
a
r
e
 
e
x
c
e
e
d
e
d
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
V
 

C
h
e
m
i
c
a
l
 P
i
t
s
 

, 

p
e
r
i
p
h
e
r
a
l
 
t
o
 
a
n
d
 
b
e
l
o
w
 
t
h
e
 

e
x
c
a
v
a
t
e
d
 
a
r
e
a
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

G
r
o
u
n
d
w
a
t
e
r
 S
a
m
p
l
e
 

A
n
a
l
y
s
e
s
 

D
e
t
e
r
m
i
n
e
 
i
f
 
d
o
w
n
g
r
a
d
i
e
n
t
 g
r
o
u
n
d
w
a
t
e
r
 

i
s
 
a
f
f
e
c
t
e
d
 b
y
 
t
h
e
 D
i
e
 Y
a
r
d
 
C
h
e
m
i
c
a
l
 

P
i
t
s
 w
h
e
n
 
c
o
m
p
a
r
e
d
 w
i
t
h
 
u
p
g
r
a
d
i
e
n
t
 

w
a
t
e
r
 
q
u
a
l
i
t
y
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

R
i
s
k
 
A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

L
e
v
e
l
 
I
V
 

A
q
u
i
f
e
r
 
S
l
u
g
 T
e
s
t
i
n
g
 
D
e
t
e
r
m
i
n
e
 
h
y
d
r
a
u
l
i
c
 p
a
r
a
m
e
t
e
r
s
 o
f
 
t
h
e
 

u
p
p
e
r
 
z
o
n
e
 
i
n
 
t
h
e
 
D
i
e
 
Y
a
r
d
 
P
i
t
 a
r
e
a
.
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

L
e
v
e
l
 
I
I
 

F
S
A
 N
o
.
 

1
 

R
e
v
i
e
w
 F
r
e
e
 
P
r
o
d
u
c
t
 

R
e
c
o
v
e
r
y
 S
y
s
t
e
m
 

D
e
s
i
g
n
 

E
v
a
l
u
a
t
e
 
i
n
t
e
r
i
m
 r
e
m
e
d
i
a
l
 
a
c
t
i
o
n
 

a
s
 
m
e
a
n
s
 
o
f
 
s
o
u
r
c
e
 r
e
m
o
v
a
l
 

R
i
s
k
 
A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

N
/
A
 

S
o
i
l
 
G
a
s
 S
a
m
p
l
e
s
 

D
e
f
i
n
e
 
t
h
e
 
l
a
t
e
r
a
l
 
e
x
t
e
n
t
 
o
f
 
f
u
e
l
 

c
o
n
t
a
m
i
n
a
t
i
o
n
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
D
e
t
e
r
m
i
n
e
 c
o
n
t
a
m
i
n
a
n
t
 
l
e
v
e
l
s
,
 

d
i
s
t
r
i
b
u
t
i
o
n
,
 
a
n
d
 a
r
e
a
]
 
e
x
t
e
n
t
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

R
i
s
k
 
A
s
s
e
s
s
m
e
n
t
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

L
e
v
e
l
 
I
I
I
 

C
(
1
 



T
a
b
l
e
 
3
-
1
 
(
c
o
n
t
i
n
u
e
d
)
.
 
S
u
m
m
a
r
y
 
o
f
 
D
a
t
a
 
Q
u
a
l
i
t
y
 O
b
j
e
c
t
i
v
e
s
 f
o
r
 
P
A
/
S
I
 
a
n
d
 R
I
/
F
S
 
A
c
t
i
v
i
t
i
e
s
 a
t
 
A
F
P
 
4
 

S
i
t
e
 

D
a
t
a
 
T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

D
a
t
a
 U
s
e
 

A
n
a
l
y
t
i
c
a
l
 

L
e
v
e
l
 

F
S
A
 N
o
.
 

1
 

G
r
o
u
n
d
w
a
t
e
r
 S
a
m
p
l
e
 

D
e
f
i
n
e
 m
a
x
i
m
u
m
 
e
x
t
e
n
t
 
o
f
 
g
r
o
u
n
d
w
a
t
e
r
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
V
 

(
c
o
n
'
t
)
 

A
n
a
l
y
s
e
s
 

c
o
n
t
a
m
i
n
a
t
i
o
n
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

A
q
u
i
f
e
r
 S
l
u
g
 T
e
s
t
s
 

D
e
f
i
n
e
 t
h
e
 
h
y
d
r
a
u
l
i
c
 c
o
n
d
u
c
t
i
v
i
t
y
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
 

a
n
d
 f
l
o
w
 v
e
l
o
c
i
t
y
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

F
S
A
 N
o
.
 
2
 

S
o
i
l
 
G
a
s
 
S
a
m
p
l
e
s
 

D
e
l
i
n
e
a
t
e
 t
h
e
 e
x
t
e
n
t
 o
f
 
f
u
e
l
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
 

c
o
n
t
a
m
i
n
a
t
i
o
n
 s
u
r
r
o
u
n
d
i
n
g
 F
S
A
 N
o
.
2
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
D
e
f
i
n
e
 c
o
n
c
e
n
t
r
a
t
i
o
n
s
,
 d
i
s
t
r
i
b
u
t
i
o
n
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

a
n
d
 a
r
e
a
l
 
e
x
t
e
n
t
 
o
f
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

F
S
A
 N

o
.
 
3
 

R
e
v
i
e
w
 
F
r
e
e
 P
r
o
d
u
c
t
 

E
v
a
l
u
a
t
e
 
i
n
t
e
r
i
m
 r
e
m
e
d
i
a
l
 
a
c
t
i
o
n
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 
N
/
A
 

R
e
c
o
v
e
r
y
 S
y
s
t
e
m
 

a
s
 
a
 
m
e
a
n
s
 
o
f
 
s
o
u
r
c
e
 c
o
n
t
r
o
l
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

D
e
s
i
g
n
 

S
o
i
l
 
G
a
s
 
S
a
m
p
l
e
s
 

D
e
l
i
n
e
a
t
e
 
l
a
t
e
r
a
l
 
e
x
t
e
n
t
 o
f
 
f
u
e
l
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
 

c
o
n
t
a
m
i
n
a
t
i
o
n
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
D
e
f
i
n
e
 
l
e
v
e
l
s
,
 
d
i
s
t
r
i
b
u
t
i
o
n
,
 a
n
d
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

a
r
e
a
l
 
e
x
t
e
n
t
 o
f
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

G
r
o
u
n
d
w
a
t
e
r
 S
a
m
p
l
e
 

D
e
t
e
r
m
i
n
e
 
l
e
v
e
l
s
 a
n
d
 e
x
t
e
n
t
 o
f
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
V
 

t
J
l
 

A
na

ly
se

s 
g
r
o
u
n
d
w
a
t
e
r
 c
o
n
t
a
m
i
n
a
t
i
o
n
 

R
i
s
k
 
A
s
s
e
s
s
m
e
n
t
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 



T
a
b
l
e
 
3
-
1
 
(
c
o
n
t
i
n
u
e
d
)
.
 
S
u
m
m
a
r
y
 o
f
 
D
a
t
a
 
Q
u
a
l
i
t
y
 O
b
j
e
c
t
i
v
e
s
 f
o
r
 
P
A
/
S
I
 a
n
d
 
R
I
/
F
S
 A
c
t
i
v
i
t
i
e
s
 
a
t
 
A
F
P
 
4
 

S
i
t
e
 

D
a
t
a
 T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

D
a
t
a
 U
s
e
 

A
n
a
l
y
i
c
a
l
 

L
e
v
e
l
 

F
S
A
 
N
o
.
3
 

A
q
u
i
f
e
r
 S
l
u
g
 
T
e
s
t
s
 

D
e
t
e
r
m
i
n
e
 h
y
d
r
a
u
l
i
c
 c
o
n
d
u
c
t
i
v
i
t
y
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
 

(
c
o
n
'
t
)
 

a
n
d
 f
l
o
w
 v
e
l
o
c
i
t
y
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

F
o
r
m
e
r
 
F
u
e
l
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
D
e
t
e
r
m
i
n
e
 v
e
r
t
i
c
a
l
 a
n
d
 
l
a
t
e
r
a
l
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

S
t
o
r
a
g
e
 A
r
e
a
 

e
x
t
e
n
t
 o
f
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

G
r
o
u
n
d
w
a
t
e
r
 S
a
m
p
l
e
 

C
o
n
f
i
r
m
 p
r
e
v
i
o
u
s
 
r
e
s
u
l
t
s
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

A
n
a
l
y
s
e
s
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

J
e
t
 E
n
g
i
n
e
 

S
o
i
l
 
S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 
D
e
f
i
n
e
 
l
a
t
e
r
a
l
 
a
n
d
 
v
e
r
t
i
c
a
l
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

T
e
s
t
 
S
t
a
n
d
 

e
x
t
e
n
t
 o
f
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

G
r
o
u
n
d
w
a
t
e
r
 S
a
m
p
l
e
 

E
v
a
l
u
a
t
e
 d
o
w
n
g
r
a
d
i
e
n
t
 e
x
t
e
n
t
 o
f
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
V
 

A
n
a
l
y
s
e
s
 

c
o
n
t
a
m
i
n
a
t
i
o
n
 a
n
d
 
d
e
t
e
r
m
i
n
e
 i
f
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

s
o
u
r
c
e
 a
r
e
a
 
i
s
 
s
a
m
e
 a
s
 
F
S
A
 
N
o
.
 
3
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

W
a
s
t
e
w
a
t
e
r
 

S
o
i
l
 
S
a
m
p
l
e
 
A
n
a
l
y
s
e
s
 
D
e
t
e
r
m
i
n
e
 
i
f
 
l
e
a
k
a
g
e
 
h
a
s
 o
c
c
u
r
r
e
d
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

C
o
l
l
e
c
t
i
o
n
 

f
r
o
m
 
t
h
e
 b
a
s
i
n
s
 
i
n
t
o
 
s
u
r
r
o
u
n
d
i
n
g
 

B
a
s
i
n
s
 

s
o
i
l
s
 

G
r
o
u
n
d
w
a
t
e
r
 S
a
m
p
l
e
 

C
o
m
p
a
r
e
 
d
o
w
n
g
r
a
d
i
e
n
t
 w
i
t
h
 
u
p
g
r
a
d
i
e
n
t
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

A
n
a
l
y
s
e
s
 

g
r
o
u
n
d
w
a
t
e
r
 q
u
a
l
i
t
y
 t
o
 
a
s
s
e
s
s
 w
h
e
t
h
e
r
 

b
a
s
i
n
s
 
a
r
e
 
a
 
s
o
u
r
c
e
 o
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 



T
a
b
l
e
 3
-
1
 
(
c
o
n
t
i
n
u
e
d
)
.
 
S
u
m
m
a
r
y
 o
f
 
D
a
t
a
 
Q
u
a
l
i
t
y
 O
b
j
e
c
t
i
v
e
s
 f
o
r
 
P
A
/
S
I
 
a
n
d
 
R
I
/
F
S
 A
c
t
i
v
i
t
i
e
s
 a
t
 
A
F
P
 4
 

S
i
t
e
 

D
a
t
a
 T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

D
a
t
a
 U
s
e
 

A
n
a
l
y
i
c
a
l
 

L
e
v
e
l
 

W
a
s
t
e
w
a
t
e
r
 

A
q
u
i
f
e
r
 S
l
u
g
 
T
e
s
t
s
 

D
e
t
e
r
m
i
n
e
 h
y
d
r
a
u
l
i
c
 c
o
n
d
u
c
t
i
v
i
t
y
 a
n
d
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
 

C
o
l
l
e
c
t
i
o
n
 

f
l
o
w
 v
e
l
o
c
i
t
i
e
s
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

B
a
s
i
n
s
 
(
c
o
n
'
t
)
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

E
a
s
t
 
P
a
r
k
i
n
g
 

O
b
t
a
i
n
 C
a
r
s
w
e
l
l
 
d
a
t
a
 

C
o
m
b
i
n
e
 C
a
r
s
w
e
l
l
 a
n
d
 A
F
P
 
4
 
d
a
t
a
 
f
o
r
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

N
/
A
 

L
o
t
/
F
l
i
g
h
t
l
i
n
e
 

c
o
n
t
a
m
i
n
a
n
t
 f
a
t
e
 
a
n
d
 
t
r
a
n
s
p
o
r
t
 

R
i
s
k
 
A
s
s
e
s
s
m
e
n
t
 

m
o
d
e
l
i
n
g
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

G
r
o
u
n
d
w
a
t
e
r
 S
a
m
p
l
e
 

D
e
f
i
n
e
 m
a
x
i
m
u
m
 e
x
t
e
n
t
 o
f
 
I
C
E
 
p
l
u
m
e
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
V
 

A
n
a
l
y
s
e
s
 

a
n
d
 
r
e
l
a
t
i
v
e
 c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

R
i
s
k
 
A
s
s
e
s
s
m
e
n
t
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

M
e
a
n
d
e
r
i
n
g
 

S
e
d
i
m
e
n
t
 S
a
m
p
l
e
 

D
e
t
e
r
m
i
n
e
 e
x
t
e
n
t
 o

f
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

R
o
a
d
 C
r
e
e
k
 

A
n
a
l
y
s
e
s
 

a
n
d
 d
e
f
i
n
e
 
p
o
t
e
n
t
i
a
l
 
s
o
u
r
c
e
 a
r
e
a
s
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

S
u
r
f
a
c
e
.
W
a
t
e
r
 

D
e
t
e
r
m
i
n
e
 w
a
t
e
r
 
q
u
a
l
i
t
y
 o
f
 
w
a
t
e
r
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 

u
p
s
t
r
e
a
m
 a
n
d
 
d
o
w
n
s
t
r
e
a
m
 o
f
 
A
F
P
 
4
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

t
o
 
d
e
t
e
r
m
i
n
e
 
i
f
 
t
h
e
 
f
a
c
i
l
i
t
y
 
i
s
 

c
o
n
t
r
i
b
u
t
i
n
g
 c
o
n
t
a
m
i
n
a
n
t
s
 t
o
 
t
h
e
 

s
u
r
f
a
c
e
 w
a
t
e
r
 
p
a
t
h
w
a
y
 

S
e
e
p
 S
a
m
p
l
e
 

I
d
e
n
t
i
f
y
 a
n
d
 
c
h
a
r
a
c
t
e
r
i
z
e
 u
p
p
e
r
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

A
n
a
l
y
s
e
s
 

z
o
n
e
 d
i
s
c
h
a
r
g
e
 
f
r
o
m
 
A
F
P
 
4
 
t
o
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

M
e
a
n
d
e
r
i
n
g
 R
o
a
d
 
C
r
e
e
k
 
t
o
 
d
e
t
e
r
m
i
n
e
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

i
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 a
r
e
 
e
n
t
e
r
i
n
g
 
t
h
e
 

s
u
r
f
a
c
e
 w
a
t
e
r
 
p
a
t
h
w
a
y
 



T
a
b
l
e
 
3
-
1
 
(
c
o
n
t
i
n
u
e
d
)
.
 

S
u
m
m
a
r
y
 o
f
 
D
a
t
a
 
Q
u
a
l
i
t
y
 O
b
j
e
c
t
i
v
e
s
 
f
o
r
 
P
A
/
S
I
 
a
n
d
 R
I
/
F
S
 
A
c
t
i
v
i
t
i
e
s
 a
t
 
A
F
P
 
4
 

S
i
t
e
 

D
a
t
a
 T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

D
a
t
a
 
U
s
e
 

A
n
a
l
y
t
i
 

L
e
v
e
l
 

c
a
l
 

L
a
k
e
 
W
o
r
t
h
 

S
u
r
f
a
c
e
 W
a
t
e
r
 

S
a
m
p
l
e
 
A
n
a
l
y
s
e
s
 

E
s
t
a
b
l
i
s
h
 w
a
t
e
r
 q
u
a
l
i
t
y
 o
f
 
L
a
k
e
 

W
o
r
t
h
 
a
d
j
a
c
e
n
t
 t
o
 
A
F
P
 
4
 
t
o
 

d
e
t
e
r
m
i
n
e
 
i
f
 
c
o
n
t
a
m
i
n
a
n
t
s
 f
r
o
m
 

t
h
e
 
f
a
c
i
l
i
t
y
 a
r
e
 e
n
t
e
r
i
n
g
 t
h
e
 

s
u
r
f
a
c
e
 w
a
t
e
r
 
p
a
t
h
w
a
y
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

1
1
1
 

S
e
d
i
m
e
n
t
 S
a
m
p
l
e
 

A
n
a
l
y
s
e
s
 

D
e
t
e
r
m
i
n
e
 
i
f
 
c
o
n
t
a
m
i
n
a
t
i
o
n
 i

s
 

p
r
e
s
e
n
t
 a
d
j
a
c
e
n
t
 t

o
 
A
F
P
 
4
 
a
n
d
 

i
f
 
p
r
e
s
e
n
t
,
 
i
d
e
n
t
i
f
y
 
t
h
e
 

p
o
t
e
n
t
i
a
l
 
s
o
u
r
c
e
(
s
)
 
o
f
 
t
h
e
 

c
o
n
t
a
m
i
n
a
n
t
s
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

I
I
I
 

O
f
f
-
S
i
t
e
 

S
o
i
l
 
S
a
m
p
l
e
 
a
n
d
 

D
e
t
e
r
m
i
n
e
 b
a
c
k
g
r
o
u
n
d
 c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
I
 

B
a
c
k
g
r
o
u
n
d
 

S
o
i
l
 
G
a
s
 
S
a
m
p
l
e
 

o
f
 
a
n
a
l
y
t
e
s
 
i
n
 
s
o
i
l
s
 
i
n
 
n
o
n
-
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

S
a
m
p
l
e
s
 

A
n
a
l
y
s
e
s
 

c
o
n
t
a
m
i
n
a
t
e
d
 a
r
e
a
s
 f
o
r
 c
o
m
p
a
r
i
s
o
n
 

w
i
t
h
 
a
n
a
l
y
t
e
s
 
i
n
 
s
o
i
l
 
a
t
 
A
F
P
 
4
 

E
c
o
l
o
g
i
c
a
l
 

P
l
a
n
t
,
 
A
n
i
m
a
l
,
 
a
n
d
 

D
e
t
e
r
m
i
n
e
 
t
h
e
 p
o
t
e
n
t
i
a
l
 
e
f
f
e
c
t
 o
f
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

L
e
v
e
l
 
I
I
I
 

S
a
m
p
l
i
n
g
 

F
i
s
h
 S
a
m
p
l
e
 A
n
a
l
y
s
e
s
 

c
o
n
t
a
m
i
n
a
n
t
s
 f
r
o
m
 A
F
P
 o
n
 
t
h
e
 

e
n
v
i
r
o
n
m
e
n
t
 

A
i
r
 Q
u
a
l
i
t
y
 

C
a
r
b
o
n
 
T
u
b
e
s
 a
n
d
 

E
s
t
a
b
l
i
s
h
 b
a
s
e
l
i
n
e
 a
i
r
 
q
u
a
l
i
t
y
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
,
 

S
i
t
e
-
W
i
d
e
 

H
i
-
V
o
l
 
F
i
l
t
e
r
 

S
a
m
p
l
e
s
 

u
p
w
i
n
d
 a
n
d
 
d
o
w
n
w
i
n
d
 o
f
 

c
o
n
t
a
m
i
n
a
t
e
d
 a
r
e
a
s
 o
f
 
A
F
P
 
4
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

L
e
v
e
l
 

E
v
a
l
u
a
t
i
o
n
 o
f
 
A
l
t
e
r
n
a
t
i
v
e
s
 

E
n
g
i
n
e
e
r
i
n
g
 D
e
s
i
g
n
 

I
I
I
 

G
e
n
e
r
a
l
 

G
r
o
u
n
d
w
a
t
e
r
 Q
u
a
l
i
t
y
 

D
o
c
u
m
e
n
t
 b
a
s
i
c
 
w
a
t
e
r
 
q
u
a
l
i
t
y
,
 
i
n
d
i
c
a
t
e
 

S
i
t
e
 C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
I
 

M
e
a
s
u
r
e
m
e
n
t
 

P
a
r
a
m
e
t
e
r
 m
e
a
s
u
r
e
m
e
n
t
s
 c
h
a
n
g
e
s
 o
v
e
r
 
t
i
m
e
 a
n
d
 
d
i
s
t
a
n
c
e
,
 p
r
o
v
i
d
e
 

A
c
t
i
v
i
t
i
e
s
 

i
n
f
o
r
m
a
t
i
o
n
 o
n
 
g
e
o
c
h
e
m
i
s
t
r
y
 o
f
 
t
h
e
 

h
y
d
r
o
l
o
g
i
c
 s
y
s
t
e
m
 i
n
c
l
u
d
i
n
g
 o
x
i
d
a
t
i
o
n
/
 

r
e
d
u
c
t
i
o
n
.
 

J
T
 

C
a
i
)
 

N
) 



T
a
b
l
e
 3
-
1
 
(
c
o
n
t
i
n
u
e
d
)
.
 

S
u
m
m
a
r
y
 o
f
 
D
a
t
a
 Q
u
a
l
i
t
y
 O
b
j
e
c
t
i
v
e
s
 f
o
r
 P
A
/
S
I
 a
n
d
 
R
I
/
F
S
 A
c
t
i
v
i
t
i
e
s
 a
t
 
A
F
P
 
4
 

S
i
t
e
 

D
a
t
a
 T
y
p
e
 

O
b
j
e
c
t
i
v
e
 

D
a
t
a
 U
s
e
 

A
n
a
l
y
i
c
a
l
 

L
e
v
e
l
 

G
e
n
e
r
a
l
 

O
r
g
a
n
i
c
 
V
a
p
o
r
 

S
c
r
e
e
n
i
n
g
 o
f
 
s
o
i
l
 
c
o
r
e
s
 
a
n
d
 c
u
t
t
i
n
g
s
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
I
,
 

M
e
a
s
u
r
e
m
e
n
t
 

M
o
n
i
t
o
r
i
n
g
 

f
o
r
 
b
i
a
s
e
d
 s
a
m
p
l
i
n
g
 o
f
 
a
n
o
m
a
l
o
u
s
 z
o
n
e
s
 

L
e
v
e
l
 
I
I
 

A
c
t
i
v
i
t
i
e
s
 

a
n
d
 
h
e
a
l
t
h
 a
n
d
 
s
a
f
e
t
y
 m
o
n
i
t
o
r
i
n
g
 
o
f
 

(
c
o
n
'
t
)
 

b
r
e
a
t
h
i
n
g
 
z
o
n
e
 

P
a
l
u
x
y
 

P
a
l
u
x
y
 C
o
r
e
 

D
e
f
i
n
e
 h
y
d
r
a
u
l
i
c
 p
a
r
a
m
e
t
e
r
s
 o
f
 
P
a
l
u
x
y
 

S
i
t
e
 
C
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
 

L
e
v
e
l
 
V
 

A
q
u
i
f
e
r
 

A
n
a
l
y
s
e
s
 

a
q
u
i
f
e
r
 

R
i
s
k
 A
s
s
e
s
s
m
e
n
t
 

a
L
e
v
e
l
 
I
 
=
 
F

ie
ld

 S
c
r
e
e
n
i
n
g
;
 
L
e
v
e
l
 
I
I
 
=
 
F

ie
ld

 A
n
a
l
y
s
i
s
;
 
L
e
v
e
l
 
I
I
I
 
=
 

La
bo

ra
to

ry
 A

n
a
l
y
s
i
s
 w
i
t
h
o
u
t
 
C
L
P
/
R
A
S
 d
a
t
a
 
p
a
c
k
a
g
e
 

L
e
v
e
l
 
I
V
 
=
 
La

bo
ra

to
ry

 
a
n
a
l
y
s
i
s
 w
i
t
h
 
C
L
P
/
R
A
S
 d
a
t
a
 
p
a
c
k
a
g
e
;
 L
e
v
e
1
 
V
 
=
 
P

hy
si

ca
l 
p
r
o
p
e
r
t
y
 
a
n
a
l
y
s
i
s
 b
y
 
n
o
n
-
s
t
a
n
d
a
r
d
 m
e
t
h
o
d
s
.
 

f
'
)
 

U
, 

C
.
)
 

C
.)

 



53 31
source. On the basis of the results of the perimeter survey, select sites
within the buildings will be drilled and sampled as part of the source

investigations.

In addition to determining potential source areas for contamination, it
appears the upper zone contamination may be migrating off—site near the
southeast corner of the facility. Off-site monitoring wells are needed to
help define the extent of off—site contamination (Figure 3—1).

3.3.1.3 Sampling and Analytical Design

A soil gas survey will be conducted around the entire perimeter of the
buildings with locations spaced every 200 feet. Samples will be collected at
a depth of four feet using a hollow stainless steel drive rod and drive
points. Soil gas measurements will be made initially using a calibrated
Photovac TIP. A low volume sampling pump will then be attached to the rods
and a sorbent tube will be used to collect a sample for laboratory VOC
analysis. In areas having positive results for VOCs, additional closer spaced
soil gas sample locations may be required to better define the lateral extent
of contamination.

On the basis of the soil gas survey, perimeter locations containing elevated
VOCs will be further investigated by soil borings and soil samples. The
borings will be drilled from the surface to the top of the water table. Soil
samples will be collected in 5 foot intervals with samples for VOCs being grab
samples and the remaining samples being a composite of each five foot
interval. The estimated number of soil borings is 25 with approximately 100
samples being collected. Composite soil samples will be analyzed for semi—
VOCs, total petroleum hydrocarbons, and metals.

From the soil gas and soil boring survey results, selected boring locations
will be identified to be drilled within the Assembly Building/Parts Plant to
help define the location and extent of soil contamination beneath the
buildings. Locations will be selected on the basis of meeting the data
objectives while having a minimal impact on daily plant operations. The
borings may be completed as monitoring wells to provide groundwater flow and
quality data beneath the facility. These wells will be flush mounted in low
traffic areas. Groundwater samples will be collected after completion and
development and then collected in a month for an additional sampling round.
Samples will be analyzed for VOCs, semi-VOCs, total petroleum hydrocarbons,
and total metals. All monitoring wells will be drilled and screened to allow
sampling of discrete intervals potentially containing LNAPLs, ONAPL5, and
soluble phase contaminants.

Since possible sources of contaminants are underground pipes within the
facility, pressure or hydrostatic testing may be performed to determine if
they leak and if so, the rate and volume of leakage.

On the basis of hydrologic data from both new and existing monitoring wells in
the southeastern portion of the facility, two to four off—site monitoring
wells will be installed southeast of Clifford Avenue. Groundwater samples
will be collected after monitoring well completion and development and then
again after one month. The samples will be analyzed for VOCs, semi-VOCs,
total metals, total petroleum hydrocarbons, and oil and grease.
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3.3.2 Underground Storage Tanks (Removed)

3.3.2.1 Findings

Fourteen USTs were removed at AFP 4 prior to December 22, 1988 which was the
effective date of federal Subtitle I regulations. Twelve of the tanks
contained petroleum products and two contained hazardous substances.
Following removal of the tanks, soil samples collected from the excavations
indicated that six of the tank locations contained contaminants in soils.

The six tanks (Tank Nos. 19, 20, 24A, 24B, 25A, and 30) contained methyl ethyl
ketone, xylene, gasoline, gasoline, JP-4 and JP-4 respectively. Analytical
results of the soil samples from the tank excavations generally indicated that
the contaminants -in the soil corresponded to the former contents of the tanks.
There were, however, several compounds present that were not reported as being
stored in the tanks.

3.3.2.2 Sampling and Analysis Objectives

Previous sampling of the former tank locations was insufficient to determine
the potential levels and extent of contamination associated with leaks and
spills from the tanks. These tank areas need to be evaluated as potential
source areas for groundwater contamination of the upper zone. The initial
investigation will be a PA/SI screening to determine if additional investiga-
tions are warranted as part of the RI/FS for AFP 4. Although preliminary
sampling has shown that contamination exists at the six locations, no attempt
was made to characterize the extent of contamination prior to backfilling,
grading and paving. These sites may have been a significant source of contam-
ination to the soils and groundwater over the years.

3.3.2.3 Sampling and Analytical Design

Soil borings will be placed around the perimeter of each of the six former
underground storage tank locations where contamination was reported to be
present. A total of four borings, one on each side of the former excavated
area, will be initially drilled from the surface to the top of the water
table. In addition, one boring will be drilled in the approximate center of
the formerly excavated area to determine -if any contamination remains at
depth. Soil samples will be collected at five foot intervals with samples for
VOCs being grab samples and the remaining samples being composites of the
entire 5 foot interval. Composite soil samples will be analyzed for semi-
VOCs, and total petroleum hydrocarbons. A minimum of ten percent of the
composite samples or one per borehole will also be analyzed for metals with an
emphasis placed on those samples which appear visually contaminated. If
contamination exceeding established thresholds.is encountered in any of the
borings, additional soil borings will be made outward (approximately 50 feet)
from the contaminated boring to help define the lateral and vertical extent of
contamination. A maximum of 48 borings are estimated for the six locations (8
per Site).

If contamination -is found to extend to the water table at any of the former
tank locations, one downgradien-t monitoring well will be installed to monitor
upper zone groundwater quality. If no upgradient wells exist in the area of
the former tanks, an upgradient well will be installed to compare groundwater
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quality both upgradient and downgradient of the site to determine if the
former tank sites are source areas for groundwater contamination. A maximum
of six downgradient wells will be installed and sampled. Samples will be
analyzed for VOCs, serni—VOCs, and total petroleum hydrocarbons.

If no contamination above federal MCLs is found during the sampling of the
former tank areas, a "No Further Action" decision paper will be prepared and
submitted for regulatory review and concurrence. If contamination is present,
the data will be evaluated to determine if additional RI investigations are
required prior to conducting feasibility studies for remedial action.

3.3.3 Landfill No. 1

3.3.3.1 Findings

Although the majority of the waste disposed of at Landfill No. 1 consisted of
general refuse, rubble, plaster, lumber, and fill dirt, unspecified amounts of
potentially hazardous wastes were also disposed of in the landfill. These
included drums of liquid wastes, solvents, thinners and paint wastes from tank
trucks dumped in shallow pits. Oils and fuels were also dumped in pits and
burned. At least five separate pits were used as shown by aerial photographs
of the landfill taken when the landfill was active.

Several contaminants have been identified in the Landfill which exceed federal
MCLs. These include arsenic, cadmium, chromium, lead, acenaphthene, benzene,
ethylbenzene, fluoranthene, tetrachioroethylene, toluene, 1,1,1-
trichioroethane, trichloroethylene, and vinyl chloride. The landfill appears
to still contain oil and grease, waste solvents and process chemicals as
evidenced by the contaminants detected in soils and groundwater in the
landfill area.

Some interim remedial action has been performed to remove sources of
contaminants such as the removal of contaminated soil associated with former
oil pits. Two french drains have been installed to collect leachate from the
landfill prior to discharging into Meandering Road Creek. A large portion of
the landfill still remains to be characterized prior to making remedial action
alternative decisions.

3.3.3.2 Sampling and Analysis Objectives

Previous investigations at Landfill No.1 have identified a variety of
contaminants both in the groundwater and the soils, many of which exceed
federal standards. Much of the original contamination has been removed, but
the overall extent of contamination has not been adequately assessed by
previous investigations. Additional data must be collected to assess the
potential for contaminant migration that might pose a threat to human health
or the environment and to provide sufficient data to evaluate various remedial
action alternatives in terms of effectiveness in reducing risk arid in terms of
being cost-effective. The additional data collection will mainly be designed
to better define the overall extent (both vertical and horizontal) of
contaminants that may require remediation depending upon the results of the
baseline risk assessment.
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3.3.3.3 Sampling and Analytical Design

Previous investigations have provided a significant amount of data concerning
the distribution of contaminants in specific areas within the landfill. A
focused sampling approach will be used to confirm previous results while
providing data needed to fill in data gaps. Intrusive sampling of both
subsurface soils and groundwater will be used to obtain a minimum of Level III
data to be used for site characterization, risk assessment, and alternative
evaluations and decisions. Previous investigations did not define the overall
lateral extent of contamination and did not adequately characterize the
hydrologic flow system at Landfill No. 1. The following describes the
sampling determined as being required to meet the data quality objectives for
Landfill No. 1 (see Table 3—1).

A grid will be established across an area of approximately 1000 x 500 feet
which encompasses the entire Landfill No. 1 site. Grid locations in the
parking lot area will be marked with paint on the asphalt surface using a grid
spacing of 100 feet. At 50 percent of the grid points, a soil boring will be
drilled and composite soil samples will be collected at 5 foot intervals from
the surface to the top of the water table with the exception of samples for
volatile organics which will be grab samples taken from each five foot
interval. Composite samples will be analyzed for semi-VOC5, oil and grease,
and metals. This will result in approximately 25 borings and 75soil samples.

On the basis of the results of the initial sampling, the remaining grid points
may be drilled as needed to better define specific areas of contamination

using the same sampling and analytical design.

Aquifer testing will be performed on those existing wells in Landfill No. 1
that were properly completed and not previously tested and on previously
tested wells where aquifer test data appeared inconsistent with other test
results. Previously tested wells are HM—1O, HM-19, F-216, and F217 (see
Figure 3-3). The test will be a standard slug—withdrawal method. The results
of new tests will be combined with previous results to characterize the
hydraulic parameters of the upper zone at Landfill No. 1.

Contaminant transport modeling will be performed using new and existing
hydrologic data and water quality data to determine if the present french
drain system is adequate to intercept contaminants flowing from the landfill
towards Meandering Road Creek.

3.3.4 Landfill No. 3

3.3.4.1 Findings

Landfill No. 3 was used for a variety of wastes including hazardous wastes
consisting of mixed oils and solvents. Small pits within the landfill were
used for the burning of some of these wastes. After use of the landfill was
discontinued, fill dirt and rubble were used to fill and grade the surface of
the landfill.

Results of soil sampling and groundwater sampling during previous
investigations indicate that both media are contaminated with fuel-and
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solvent-related contamination. In two monitoring wells at the site, floating
fuel-related, and solvent-related products were observed. Several
contaminants were found to exceed federal MCLs. These include arsenic,
chromium, lead, vinyl chloride, methylene chloride, trans—l,2-
dichloroethylene, trichloroethylene, tetrachloroethylene, toluene, 1,4—
d-ichlorobenzene, 1 ,2-dichlorobenzene, acenaphthene, naphthalene, fluorene, and
phenanthrene.

Due to the presence of a significant amount of floating product observed in
two wells at the landfill, a localized source of fuel-related and solvent—
related contaminants is indicated within the landfill and major contaminants
appear to be confined to a relatively small area.

3.3.4.2 Sampling and Analysis Objectives

The main objectives for the field investigations proposed for Landfill No. 3
are to: 1) define the lateral extent of contamination, delineate extent of
contaminants exceeding federal MCLs, 2) determine the location(s) and amount
of contaminants discharging from the upper zone into the Meandering Road
Creek, and 3) characterize the hydrologic flow system at Landfill No. 3.

Previous investigations have roughly defined the extent of contamination.
Additional soil borings are necessary, however to better define the lateral
extent. Previous investigations also did not adequately define the flow
characteristics of the groundwater at Landfill No. 3. This flow information
is necessary to determine contaminant fate and transport as well as risk to
human health and the environment. More information is needed on the amount of
contaminants being discharged and received by the Meandering Road Creek
drainage; this information -is needed for risk assessment and evaluation of
remedial action alternatives.

3.3.4.3 Sampling and Analytical Design

A sampling grid will be established on 100 foot centers across Landfill 3
(Figure 3—4). Soil borings will be drilled and sampled at grid points to help
define the lateral and vertical extent of contamination. The borings will be
drilled from the surface to the top of the Walnut Formation. Grab samples for
VOCs and composite samples for semi-VOCs, total metals, and oil and grease
will be collected for each two foot interval to the top of the water table.

Selected soil borings (4—6) will be used as temporary monitoring wells for
water level measurements and two rounds of groundwater sampling. The

groundwater will be analyzed for VOCs, semi-VOCs, total petroleum
hydrocarbons, and total metals. The data from the temporary wells will
provide groundwater flow and quality data to be used in contaminant transport
modeling.

Aquifer tests will be performed on monitoring wells that were properly
completed and not previously tested to determine hydraulic conductivity and
groundwater flow velocity of the upper zone at Landfill No. 3. The tests will
be performed using the slug withdrawal method.
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Groundwater from seeps downgradient of the landfill along Meandering Road
Creek will be sampled to estimate the amount and relative concentrations of
contaminants discharging from the upper zone into the Meandering Road Creek
drainage. The seep samples will be analyzed for VOCs, semi-VOCs, total
petroleum hydrocarbons, and total metals.

To determine if contaminants from upper zone discharge are migrating to the
Paluxy aquifer, one upper Paluxy monitoring well will be installed which is
hydraulically downgradient of Landfill No. 3. A groundwater sample will be
collected after well completion and development and again after one month. If
the results of the two samples differ significantly, a third sample will be
collected one month after the second round. Each sample will be analyzed for
VOCs, semi-VOCs, total petroleum hydrocarbons, and total metals.

Channel soil and sediment sampling will be conducted across the Meandering
Road Creek drainage to determine contaminant distribution from the point of
upper zone discharge (seeps) to the present stream channel. Approximately 10
samples spaced 10 feet apart will be collected from the surface to a depth of
two feet from a point adjacent to the seep extending to the creek in an area
west of monitoring well F-214 (Figure 3-4). The soil and sediment samples
will be analyzed for VOCs, semi-VOCs, oil and grease, and metals. Results of
this study will be compared with results of the detailed study of the
Meandering Road Creek (see Section 3.3.18.6, this Plan).

Prior to sampling new or existing monitoring wells, fluid levels in each well
will be measured using an interface probe to determine the presence or absence

of free—floating product. Free floating product from monitoring wells, where
present, will be sampled using a Teflorbailer and analyzed using ASTM method
D 3328-78 (reapproved 1982) to identify the type(s) of product present.
Product chromatograms resulting from the scan will be evaluated based on
alkane content and their aromatic profiles to identify the type(s) of
contamination present. The chromatograms will be compared with chromatograms
of known samples of various fuel products (i.e., JP-4, Avgas, Jet A, fuel oil,
gasoline, etc.). The results will also be evaluated to determine if the
product spill appears to be relatively recent or old based on ratios of light
and heavy volatile fractions compared with ratios derived from new product.

3.3.5 Landfill No. 4

3.3.5.1 Findings

Landfill 4, located adjacent to Meandering Road near the southwest boundary of
the AFP 4 facility, utilized a low area of the Meandering Road Creek
floodplain for the disposal of construction rubble. Some evidence exists that
suggests that other types of waste may have been disposed of at the landfill.
These may have included small quantities of solvents, oils, fuels, and
thinners.

VOCs and other organic compounds were reported in early investigations but
were not confirmed during the IRP Phase II investigations. A "No Further
Action" remedial action alternative was previously recommended. Soil samples,
however have not been collected at this site. On the basis of a review of
aerial photographs of the landfill when it was still in use, it appears that
materials other than construction rubble were deposited in the landfill.
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Because the landfill is located on the Meandering Road Creek floodplain, a
potential exists for migration of contaminants into the surface waters of
Meandering Road Creek.

3.3.5.2 Sampling and Analysis Objectives

Although this site has been recommended for "No Further Action", there are not
sufficient data to support this decision. The decision is based solely on
groundwater monitoring data from two monitoring wells with one (HM-5) being in
the upper (upgradient) portion of the landfill and the other (HM-9) being
downgradient of the landfill (Figure 3-5). The objective of the proposed
sampling at Landfill No. 4 is to evaluate whether leachate is flowing from the
base of the landfill into the adjacent soils on the floodplain of Meandering
Road Creek.

3.3.5.3 Sampling and Analytical Design

Five soil borings along the base of the landfill will be drilled to a maximum
depth of 10 feet and samples will be collected from two foot intervals (i.e.2-
4, 4—6, 6—8, and 8—10 feet below the surface). With the exception of the
samples for VOCs, each two foot interval will be composited and analyzed for
semi-VOCs, oil and grease, and metals. Samples for VOCs will be grab samples
from each two foot interval and will be collected immediately "as-is."

Analytical data for soil samples from Landfill No. 4 will be evaluated against
background data to determine if contaminants above background concentrations
are present. For those contaminants that are above background, a risk
assessment will be performed. If the risk is within the acceptable range
according to EPA Risk Assessment guidance, a "No Further Action" decision
document will be prepared and submitted to regulatory agencies for
concurrence. If contamination is found to exist, supplemental sampling may be
recommended to better define the extent of contamination in support of
Feasibility Studies.

3.3.6 FDTA No. 2
-

3.3.6.1 Findings

FDTA No. 2, currently located under the pavement of the West Parking Lot north
of the Landfill No. 1 site, was used for fire training exercises for a period
of two years. It was suspected that disposal of oils and fuels and
uncontrolled burns may have also occurred while the FOTA No. 2 was in
operation.

Both soil and groundwater results from previous investigations indicate that
fuel-related contamination is present at FDTA No. 2. Groundwater collected
from the approximate center of FDTA No. 2 was found to contain contaminants
which indicate that solvent—related free product is present. The lateral and
vertical extent of contamination has not been defined. Also, the hydraulic
parameters of the upper zone in the area of FDTA No. 2 have not been
adequately defined.
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3.3.6.2 Sampling and Analysis Objectives

The objectives of the proposed sampling activities at FDTA No. 2 are to:
1) determine the lateral and vertical extent of contamination in soils;
2) determine if the groundwater contains contaminants associated with FOTA
No. 2; and 3) obtain information on the hydrologic system at FOTA No. 2 to
allow contaminant transport modeling.

3.3.6.3 Sampling and Analytical Design

Four soil borings (Figure 3-6) will be drilled surrounding monitoring well HM—
51 which is located near the approximate center of FOTA No. 2. The borings
will be located 25 feet north, south, east, and west of existing well HM—51.
Soil samples will be collected from the borings to determine the vertical
extent and provide preliminary information on the horizontal extent of
contamination. The soil samples will be collected from the surface to the top
of the water table in two foot intervals (0—2, 2—4, 4—6). Grab samples for
VOCs will be collected for each interval and the remaining material will be
composited and analyzed for semi-VOCs, total petroleum hydrocarbons, and
metals.

Up to four additional soil borings may be drilled outward from contaminated
zones identified in the initial soil borings if contaminants above background
concentrations are found. These additional borings will be drilled and
sampled using the same sampling protocol as the initial borings.

The initial four soil borings will be deepened to the top of the Walnut
Formation after soil has been sampled to the top of the water table.
Groundwater will be bailed from the borings and analyzed for VOCs, semi—VOCs,
and total petroleum hydrocarbons. If contaminants associated with FDTA No. 2
are detected in the groundwater, recommendations will be made for the
installation of downgradient monitor well(s). If the boring upgradient of HM-
51 is found to contain contaminants, recommendations will be made to evaluate
other potential source areas.

3.3.7 FOTA No. 5

3.3.7.1 Findings

FDTA No. 5, which is located in the Die Yard area south of Facilities Building
No. 12 (Figure 3-7) consisted of a shallow pit which received waste fuels,
oils, and unspecified chemicals which were burned for fire extinguisher
training exercises.

Analytical results from soil samples collected from two soil borings within
the pit area indicate that the shallow soils do not contain significant
concentrations of contaminants. Groundwater samples, however, contained
anomalous concentrations of VOCs, semi—VOCs and fuel hydrocarbons. Fuel-
related product was observed in a monitoring well in the vicinity of FDTA No.
5. Arsenic was also observed in monitoring wells at FDTA No. 5 in
concentrations exceeding drinking water standards.
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3.3.7.2 Sampling and Analysis Objectives

Although previous investigations indicate that the soils at FOTA No. 5 are not
contaminated, additional soil sample data are needed to confirm these initial
findings. If the soils are not contaminated, the groundwater contamination
found -in the FDTA No. 5 area may be related to a different upgradient source
of contamination. Additional groundwater data are needed from upgradient
monitoring wells and downgradient monitoring wells to determine if the FDTA
No. 5 is a source area for groundwater contamination. Aquifer testing is
needed to characterize the hydraulic parameters of the upper zone in the FDTA
No. 5 area to allow groundwater flow and contaminant transport modeling.

3.3.7.3 Sampling and Analytical Design

Four soil borings will be drilled at FDTA No. 5 to help define the lateral
extent of soil contamination. The soil borings will be located 50 feet north,
south, east, and west of monitoring well HM-25 which is located near the
reported center of the training area. The borings will be drilled to the top
of the water table and soil samples will be collected in five foot intervals.
Samples for VOC analysis will be grab samples taken from each 5 foot interval.
The remaining samples will be composite samples representing the entire 5 foot
interval. The composite samples will be analyzed for semi—VOCs, oil and
grease, and metals.

The east and west soil borings will be extended to the top of the Walnut
Formation using the same method (hollow-stem auger drilling) used to reach the
top of the water table. These two borings will be included as the DNAPL
portion of the nested monitoring wells. Other boreholes will be drilled
nearby to enable sampling of discrete intervals for LNAPLs and soluble organic
compounds. Groundwater samples will be taken after completion and then one
month later for one additional sampling round. The samples will be analyzed
for VOCs, semi—VOCs, total metals, TPH, and oil and grease. The western
nested well will be used to determine if upgradient sources are contributing
to contamination found in monitoring well HM—25. The eastern nested well will
be used to assess the contribution of FOTA No. 5 to downgradien-t groundwater
contamination. If the results of the first two rounds of sampling are not
consistent, a third round (one month after the second round) will be
collected.

Water-level measurements and aquifer tests will be performed on the new moni-
toring wells to aid -in the determination of flow directions and hydraulic
parameters of the upper zone at FDTA No. 5. Aquifer tests will be completed
using the slug—withdrawal method.

3.3.8 FDTA No. 6

3.3.8.1 Findings

FDTA No. 6 was the primary fire department training area at AFP 4. It is
located on the northwestern side of AFP 4 adjacent to Meandering Road. The
training area was used from the late 1950's to 1980 for periodic training
exercises which used approximately 250 gallons of waste fuels and oils per
exercise. The IRP Phase I investigation indicated that unknown quantities of
fuels and oils were likely deposited in the FDTA No. 6 between training
exercises.
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Analytical results from previous investigations indicate that the soils at
FDTA No. 6 are contaminated with VOCs, semi-VOCs, fuel hydrocarbons, and oil
and grease. Although no groundwater samples have been collected in the
immediate area of FDTA No. 6, it is suspected that no upper zone groundwater
exists in the area.

3.3.8.2 Sampling and Analysis Objectives

Interim remedial action was performed at FDTA No. 6 in 1982 and 1983 when oil
and fuel contaminated soils were removed and hauled to an approved hazardous
waste landfill. Although most of the contamination may have been removed,
there are insufficient data to verify that remaining contaminants no longer
exceed federal MCLs. To confirm that the FDTA No. 6 does not pose a threat to
human health or the environment, additional information is needed to define
the overall extent of contamination.

3.3.8.3 Sampling and Analytical Design

On the basis of a review of information concerning the interim remedial
action, 4 to 6 soil borings will be drilled around the perimeter of the
excavated portion of FDTA No. 6 (Figure 3—8). The borings will be drilled to
the top of the Walnut Formation and a single sample will be collected with

•VOCs being sampled immediately as grab samples and the remaining sample
material being composited over the entire length of the boring. The
composited soils will be analyzed for semi-VOCs, oil and grease, and metals.
In addition, a single boring will be drilled in the approximate center of the
excavated portion of the FDTA and samples will be collected and analyzed using
the same protocol specified for the other borings at FOTA No. 6 to determine
if contamination exists below the excavated zone.

Although it is suspected that no upper zone groundwater is present at this
location, if water is encountered in any of the soil borings, the water will
be bailed from the boring and analyzed for VOCs, semi-VOCs, and total
petroleum hydrocarbons. If groundwater is present, the boring(s) will be
completed as groundwater monitoring wells. The monitoring well, since it
would most likely be shallow, will be fully screened 'to allow detection of
LNAPLs, DNAPLs, and soluble organic compounds.

3.3.9 Chrome Pit No. 3

3.3.9.1 Findings

Chrome Pit No. 3, located on the Radar Range west of Facilities Building No.
12 (Figure 3—9), was used for the disposal of chromate, barium—chromate
sludge, dilute metal solutions, and drums of unidentified liquids.

In 1983 and 1984, approximately 8,900 cubic yards of contaminated soil was
excavated and removed from the pit as an interim remedial action.

3.3.9.2 Sampling and Analysis Objectives

Although remedial action has been performed at Chrome Pit No. 3, the amount of
samples collected within the excavated area were not sufficient to determine
that the site no longer poses a threat to human health or the environment.
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Soil samples are needed around the perimeter of the excavated portion of the
area to determine if contaminants exceeding federal MCLs are still present.

Future plans for the Chrome Pit No. 3 site include the building of a new
chemical processing building over the site. Additional sampling of the
shallow subsurface was conducted in December, 1989 to provide information
needed to clear the area for laying the foundation for the new building. The
results from this sampling will be combined with the results of sampling
proposed in this plan to make a final remedial action alternative decision.

The December, 1989 soil sampling was concentrated around the perimeter of the
former excavation and the additional area to be occupied by the proposed
chemical waste treatment process building (Figure 3-10). Borings were drilled
to a nominal depth of 10 feet with samples being collected over 2 foot
intervals. Samples for VOCs were grab samples whereas the remainder of the
samples represented composites of each 2 foot interval. The samples were ana-
lyzed for VOCs, semi—VOCs, and metals (including hexavalent chromium). Ana-
lytical results indicated that no contaminants above background concentrations
were present in Chrome Pit No. 3 soils.

3.3.9.3 Sampling and Analytical Design

No further soil investigations appear to be required based on the results of
the December, 1989 soil sampling. Since contamination was previously
identified -in groundwater at Chrome Pit No. 3, however, one upgradient and one
downgradient monitoring well will be installed to help determine the source of
contaminants to the groundwater in the Chrome Pit No. 3 area. The monitoring
wells will be completed to allow sampling of discrete intervals for LNAPLs,
DNAPLs, and soluble organic compounds.

Groundwater samples will be collected after well completion and development
and again after one month. The samples will be analyzed for VOCs, semi-VOCs,
and total metals. If the results of the two rounds differ significantly, a
third sample will be collected one month after the second round.

Groundwater samples will also be collected from existing wells and will be
analyzed for VOCs, semi—VOCs, and total metals. All samples from wells that
previously contained detectable cyanide will be analyzed again for cyanide.

Water-level measurements and aquifer tests will be performed on existing wells
that were properly completed and not previously tested and on all new
monitoring wells in the Chrome Pit No. 3 area to determine flow directions and
hydraulic parameters for groundwater flow and contaminant transport modeling.
Aquifer tests will be conducted using the slug-withdrawal method.

3.3.10 Die Yard Chemical Pits

3.3.10.1 Findings

The die yard chemical pits, located east of the Radar Range and south of
Facilities Building No. 12, were used for the disposal of chromate sludges,
metal solutions, and other chemical wastes. In 1962, the site was graded and
the entire die yard was paved. On the basis of the IRP Phase I investigation,
it is suspected that contaminated soils from the pits may have been spread
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around the die yard area during the grading activities. The site of the
original pits was excavated and 1,100 cubic yards of contaminated soil were
removed and transported to an approved hazardous waste landfill for disposal.
Confirmation sampling was not conducted to verify that the area was adequately
remedi ated.

3.3.10.2 Sampling and Analysis Objectives

Sampling and analysis of the soils in the entire die yard pit area is needed
to determine if contaminants exceeding background concentrations are present
and if they are present, their lateral and vertical extent. Results of
previous investigations indicate that contaminants were still present
following the interim remedial action of the pits.

Groundwater contamination has not been adequately characterized during
previous investigations and the hydrologic flow system at the site has also
not been characterized. Additional monitoring wells are needed to assist in
determining whether groundwater contamination in the die yard pit area can be
attributed to the former pits or whether it is a result of other upgradient
sources.

3.3.10.3 Sampling and Analytical Design

Eight soil borings will be drilled around the periphery of the excavated
pit(s) area to determine the lateral and vertical extent of contamination. In
addition, two soil borings will be drilled in the central portion of the
excavated area to determine the effectiveness of the interim remedial action
(Figure 3-11). The borings will be drilled to the top of the water table and
soil samples will be collected from five foot intervals (0-5, 5-10, 10-15,
etc.). Samples collected for VOCs will be grab samples collected "as is" from
each interval whereas, the remaining samples will be collected from composites
from each five-foot interval. The composite samples will be analyzed for
metals, cyanide, and semi-VOCs. The soil borings in the central portion will
only have samples collected from the 15—20 and 20—25 foot intervals.

One of the soil borings on the east side of the die yard pits will be
completed as an upper zone monitoring well to evaluate the groundwater quality
immediately downgradient of the former pits. The monitor well will be
completed to allow sampling of discrete intervals for LNAPLs, DNAPLs, and
soluble organic compounds. A groundwater sample will also be collected from
existing well HM-24 which is located upgradient of the site. Samples will be
analyzed for VOCS, semi-VOCs, total metals, and cyanide.

Slug-withdrawal tests will be performed on the new well to determine the
hydraulic parameters of the upper zone in the die yard area.

3.3.11 FSA No. 1

3.3.11.1 Findings

FSA No. 1, which is located west of the Parts Plant and east of Facilities
Building No. 14 (Figure 3—12), is the site of an area where the ground
reportedly became saturated by fuels leaking from fuel lines over
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approximately a ten year period. The saturated area is immediately north of
underground fuel tanks and a fuel pumping station.

Analytical results from previous investigations indicate that the soils (from
one boring) are contaminated with fuel hydrocarbons. Groundwater collected
from monitoring wells in the FSA No. 1 area also contain anomalous
concentrations of VOCs, semi-VOCs, fuel hydrocarbons and metals. Three of the
monitoring wells were reported to contain significant amounts of fuel-related

floating product.

Engineering designs have been developed by General Dynamics for an interim
remedial action groundwater treatment system designed to recover floating
product and treat the groundwater.

3.3.11.2 Sampling and Analysis Objectives

Due to the presence of significant amounts of floating product in wells at FSA
No. 1, interim remedial action is necessary to reduce the potential risk to
human health and the environment. Implementation of a product recovery system
will occur concurrently with additional RI/FS field investigation activities.

The overall extent of soils contamination needs to be defined as well as the
extent of floating product and groundwater contamination. The sampling
approach will be designed to identify the extent of potential source
contaminants upgradient and the extent of contamination already in the
groundwater flow system downgradient. This information must be obtained to
evaluate remedial action alternatives design for source control (i.e. removal
of contaminated soils and removal of floating product) and alternatives
designed to treat contaminated pathways (i.e. groundwater treatment
facilities, French Drains).

3.3.11.3 Sampling and Analytical Design

As an interim remedial action, a free product removal system will be installed
and free product will be removed and disposed of concurrently with RI/FS
studies. This system will be installed by the operating contractor, General
Dynamics. UNC Geotech will monitor the effectiveness of this interim remedial
action when developing remedial action alternatives for the site.

A soil gas survey will be conducted in the FSA No. 1 area to better define the
overall lateral extent of fuel—related contamination. The soil gas survey
will be conducted on a grid using a 10 foot spacing. Soil gas measurements
will initially be made at half of the grid points at a depth of four feet
using a Photovac TIP. A Dräger tube (or equivalent) sample for petroleum
hydrocarbons will be collected at each location. At tenpercent of the
locations, a sorbent tube will also be used to collect a sample to be sent to
an analytical laboratory for VOC analysis. Where better definition is needed
in specific areas, the remaining grid locations will be used.

Background soil gas samples will be collected outside of the area of suspected
contamination. The results of the survey at FSA No. 1 will be compared with
the background data. On the basis of this comparison, up to 10 soil borings
will be selected at grid points in areas where contaminants exceed background
concentrations. The borings will be drilled to the top of the water table and
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soil samples will be collected from five—foot intervals. Samples to be
analyzed for VOCs will be grab samples whereas the remaining samples will be
taken from composites of each five foot interval. The composite samoles will
be analyzed for semi-VOCs, total petroleum hydrocarbons, and metals.

Five of the ten borings will be completed as upper zone groundwater monitoring
wells. The locations of these wells will generally correspond to the
estimated maximum extent of the zone of contamination. The wells will be
completed in a way that allows sampling of discrete intervals for LNAPLS,
DNAPLs, and soluble organic compounds. The wells will be sampled after
completion and development and resampled a month later for one additional
sampling round. The groundwater will be analyzed for VOCs, semi-VOCs, total
metals, and total petroleum hydrocarbons. If floating product is observed in
any of the new wells, the wells may be added to the product recovery system.
This will require the installation of four—inch wells.

Slug—withdrawal tests will be performed on all new monitoring wells. The
results will be compared with aquifer test data from existing wells to define
the hydraulic parameters of the upper zone at the FSA No. 1 area. Water-level
measurements will be taken prior to each sampling from all wells in the FSA
No. 1 area to determine groundwater flow directions and flow velocity. Water-
level measurements will also be made prior to, during, and after remedial
action so that the natural and modified groundwater flow directions can be
determined.

3.3.12 FSA No. 2

3.3.12.1 Findings

FSA No. 2, located northwest of Facilities Building No. 176 (Figure 3—13), is
a site which reportedly was saturated by fuels leaking from a buried fuel
pipeline in the 1970s and early 1980s.

From five soil borings that were drilled and sampled during previous
investigations, only one shallow soil sample was reported to contain anomalous
concentrations of VOC5 and fuel hydrocarbons. Samples for one of two
groundwater monitoring wells in the FSA No. 2 area also contained only trace
amounts of fuel hydrocarbons.

3.3.12.2 Sampling and Analysis Objectives

Although soil and groundwater contamination at the FSA No. 2 does not appear
to be extensive, additional information is needed on the lateral and vertical
extent of contamination. The location of the borings required to assess the
extent of contamination will be based on the location of the boring and

monitoring well containing contaminants in previous investigations.

The hydrologic flow system also needs to be better defined in the FSA No. 2
area. Aquifer testing is needed to characterize the hydraulic parameters of
the upper zone to be used in groundwater and contaminant transport modeling.
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3.3.12.3 Sampling and Analytical Design

A soil gas survey will be conducted as a sceering tool over the FSA No. 2
area. The survey will be conducted using a 20 foot grid spacing. Soil gas
measurements will be initially made at a depth of four feet using a calibrated
Photovac TIP. In addition, Drager tube (or equivalent) samples for petroleum
hydrocarbons will be used at each location. At 10 percent of the locations, a
sorbent tube will be used to collect a sample for laboratory VOC analysis.

Results of the soil gas survey will be used to guide the placement of soil
borings. Five soil boring locations will be selected at grid locations where
soil gas measurements indicated anomalous amounts of fuel—related
contamination when compared to background concentrations for the area.
Locations for soil borings will be submitted to EPA Region VI for review and
concurrence. These borings will be drilled from the surface to the top of the
water table (estimated 15 feet) and samples will be collected in three foot
intervals. Samples for VOC5 will be grab samples from each three foot
interval. The remaining samples will be composites of each three foot
interval and will be analyzed for sern-i-VOCs and total petroleum hydrocarbons.
These borings will be used to better define the lateral and vertical extent of
contami nation.

One additional conventional monitoring well (see Table 4-4) wil' be installed
upgradient and one will be installed downgradient of FSA No. 2 to help define
the lateral extent of the contaminant plume at FSA No. 2. Where possible, a
soil boring will be completed as a monitoring well. Monitoring zones •in
separate boreholes will be placed to detect LNAPLs, solubles, and DNAPLs.
Groundwater samples will be collected after completion and development and
again after one month. A third round will be collected only if the results of
the first two are in disagreement. Groundwater samples will be analyzed for
VOCs, serni-VOCs, total petroleum hydrocarbons, and total metals.

3.3.13 FSA No. 3

3.3.13.1 Findings

FSA No. 3, which is located immediately east of Meandering Road between
Facilities Building Nos. 157 and 142 (Figure 3—14), is a site contaminated by
fuels from leaking buried fuel pipelines during the 1970s and early 1980s.

Fuel-related floating product has been observed in seven of thirteen wells in
the area of FSA No. 3. Analytical results of groundwater samples show that
the groundwater at FSA No.3 contains anomalous concentrations of VOCs, semi-
VOCs and fuel hydrocarbons.

General Dynamics currently is in the process of providing engineering design
of a system for the removal of floating product and the treatment of
contaminated groundwater.

3.3.13.2 Sampling and Analysis Objectives

Installation and implementation of a system designed for the removal of
floating product will take place concurrently with RI/FS activities as an
interim remedial action at FSA No. 3.
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Additional hydrologic data are required to complete the RI/FS. Hydraulic
parameters of the upper zone at FSA No. 3 are needed to conduct groundwater
and contaminant transport modeling. This will require additional aquifer
testing of both new and existing monitoring wells. Water-level measurements
are needed to help determine flow directions at FSA No. 3. Water quality data
are also needed to help define the extent of contamination. This will include
installation and sampling of new wells as well as sampling of existing wells.

Additional soil sample data are required around the perimeter of FSA No. 3 to
better define the lateral and vertical extent of contamination.

3.3.13.3 Sampling and Analytical Design

A free product recovery system will be installed by General Dynamics, Inc. and
product recovery will begin concurrently with RI/FS activities.

A soil gas survey will be conducted using a grid spacing of 20 feet as a
screening tool across the FSA No. 3 area to help define the lateral extent of
soils contamination. Soil gas measurements will be made at a depth of four
feet using a Photovac TIP at each location. A Drager tube (or equivalent) for
petroleum hydrocarbons will also be used for sampling at each location. At 10
percent of the locations, a sorbent tube will be used to collect a sample for

laboratory VOC analysis.

Background soil gas measurements will be collected outside of the FSA No; 3
area and the results of the soil gas survey will be compared with the back-
ground data to determine areas that exceed background concentrations. On the
basis of previous data, and the approximate extent of contamination outlined
by the soil gas survey, from 5 to 10 soil borings will be drilled at grid
point locations on the outer margin of the contaminated area to help define
the lateral and vertical extent of contamination. Soil samples will be
collected at 3 foot intervals from the surface to the top of the water table.
The samples for VOCs will be grab samples from each three foot interval. The
remaining samples will be composite of each interval. Composite samples will
be analyzed for semi-VOCs and total petroleum hydrocarbons.

Four additional sets of nested monitoring wells will be installed -- two will
be to the east and two to the west of FSA No.3 (Figure 3-14). Where possible,
soil borings drilled for soil contamination data will be completed as
monitoring wells. Monitoring zones will be placed in separate boreholes to
detect LNAPLs, solubles, and DNAPLs. Groundwater samples will be collected
from the new wells following completion and development and again after one
month. A third round will be collected only if the results of the first two
are in disagreement. Groundwater samples will be analyzed for VOCs, semi-
VOCs, total metals, and total petrolem hydrocarbons. If floating product is
observed in new monitoring wells, the wells will be added to the product
recovery system as needed.

Aquifer tests using the slug withdrawal method will be performed on new
monitoring wells and the results will be compared to and combined with
previously obtained data from existing wells. These data will be used to
determine the hydraulic parameters of the upper zone at FSA No. 3. Water-
level measurements will be taken prior to each round of sampling from new
monitoring wells and from existing wells to establish groundwater-flow
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direction data. All of the hydrologic data will be used in groundwater and
contaminant transport modeling.

3.3.14 Former Fuel Storage Area

3.3.14.1 Findings

A 100,000 gallon above-ground JP-4 storage tank which was located near the
center of the Radar Range from the early 1940s to 1962 was suspected to have
leaked.

Previous investigations have indicated that soils at the Former Fuel Storage
Area are contaminated with semi-VOCs and oil and grease. In addition, anoma-
lous concentrations of nickel were present in a monitoring well located south
of the area.

3.3.14.2 Sampling and Analysis Objectives

Although the site was recommended for "No Further Action", additional soil and
groundwater sampling are needed to confirm previous results and to provide
additional data on the extent of contamination at the site.

3.3.14.3 Sampling and Analytical Design

Four soil borings will be drilled (one 25 feet north, south, east and west
respectively of monitoring well HM-8 (Figure 3—15) where contamination was
previously detected to determine the lateral and vertical extent of contamina-
tion. The borings will be drilled from the surface to the top of the water
table with samples collected in five foot intervals. Samples for VOCs will be
grab samples from each five foot interval. Other samples will be composites
of each five foot interval. The composite samples will be analyzed for total
petroleum hydrocarbons, semi-VOCs, and oil and grease.

An additional groundwater sample will be collected from monitoring well HM-14
and analyzed for nickel to confirm results of previous sampling.

3.3.15 Jet Engine Test Stand

3.3.15.1 Findings

The jet engine test stand site, located northeast of Facilities Building No.
142 and east of Meandering Road (Figure 3-16), was identified during IRP Phase
II investigations as a site containing fuel-related contamination in soils and
groundwater. The site is located north of a fuels test area and a known area
of fuel contamination (FSA No. 3). Facilities Building No. 21 near the site
has a sump which collects water for cooling, noise suppression, and building
cleanup and pumps it to an industrial waste line. Just south of the site and
Building No. 21 are two underground tanks once used for fuel storage. There
appear to be several possible sources for contamination present at the jet
engine test stand site.

3.3.15.2 Sampling and Analysis Objectives

Although the site was formerly recommended for "No Further Action", previous
data indicate that significant concentrations of contaminants may be present
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at the site. Additional soil borings and soil samples are warranted at the
site to better define the extent of contamination at the site.

Additional groundwater quality data are needed from existing wells located
downgradient of the site and a new monitoring well and groundwater samples are
needed upgradient of the site to determine if the site is contributing
contaminants to the hydrologic system.

Aquifer testing using the slug withdrawal method is needed for existing
monitoring wells and the new monitoring well to determine the hydraulic
parameters of the upper zone in the jet engine test stand area. Water—level
measurements will be taken from existing wells and the new well prior to
sampling to better define groundwater flow direction at the site. These data
will be used in groundwater flow and contaminant transport modeling.

3.3.15.3 Sampling and Analytical Design

Four soil borings will be drilled and sampled around the perimeter of the Jet
Engine Test Stand. The borings will be sampled in five-foot intervals from
the surface to the top of the water table. A grab sample for VOCs will be
taken from each interval. The remaining sample will be a composite of each
five-foot interval. Composite soil samples will be analyzed f or semi-VOCs,
total petroleum hydrocarbons, and oil and grease.

The upgradient soil boring will be completed as one of the separate wells in a
conventional nested well. Groundwater samples will be collected from the new
well and existing temporary wells located downgradient of the Jet Engine Test
Stand (Figure 3—16) to determine if the test stand area is contributing
contaminants to the groundwater. Groundwater samples will be analyzed for
VOCs, semi-VOCs, total metals, and total petroleum hydrocarbons.

Slug withdrawal tests will be performed on the new well and existing wells
that were properly completed.

3.3.16 Waste Water Collection Basins

3.3.16.1 Findings

The waste water collection basins, located south of the Process Building
(Facilities Building No. 181), consist of two concrete-lined waste basins with
an approximate capacity of 85,000 gallons that are designed to collect and
settle suspended solids from plant waste water. These basins, which have been
in use since 1966, have received several spills of vapor degreaser and other
chemical spills from the Process Building over the years. The integrity of
the concrete lining the basins has not been evaluated. It is suspected that a
crack in the basin floor or wall may have allowed contaminants to leak to the
surrounding soils.

Groundwater samples were collected from one monitoring well southeast of the
basins and analytical results indicate that the groundwater is contaminated
with VOCs. It is uncertain whether the VOCs in the groundwater can be
attributed to the basins. A sanitary sewer line runs on an east-west line
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through the site and a storm drain runs northwest-southeast approximately 75
feet south of the basins. These potential sources plus Chrome Pit No. 2 may
account for some of the contamination present in the groundwater southeast of
the basins. The presence of ICE in the groundwater indicates that the source
is related to the Process Building (vapor degreaser spills).

3.3.16.2 Sampling and Analysis Objectives

Floor drains from the Process Building empty into the wastewater collection
basins. Solvent and other chemical spills may potentially enter the basins
and through leakage, enter soils and the groundwater pathway. Groundwater
downgradient of the basins has been shown to contain ICE which is used
extensively in the Process Building. To evaluate whether the basins have been
a source of ICE and other contaminants, additional subsurface soil sampling
and upper zone groundwater sampling is needed both upgradient and downgradient
of the basins. Aquifer tests and water-level measurements are also needed to
characterize the hydrologic flow conditions in the area of the basins.
The initial objective of the data collection in the basins area is to
determine if the basins are a source of contamination or if the source exists
upgradient of the basins. Once the source area is determined, additional data
may be required to characterize the extent of contamination related to the
identified source. In addition, a visual inspection of the integrity of the
basin walls and floor is needed to determine if significant leakage may be
occurring from these basins.

3.3.16.3 Sampling and Analytical Design

One soil boring will be drilled immediately downgradient (east) of the
wastewater collection basins and 25 feet north of monitoring well HM-47
(Figure 3-17). The boring will be drilled to the top of the water table and
soil samples will be collected from five foot intervals. The samples for VOCs
will be grab samples from each five foot interval; the remaining samples will
be composites of each interval. The composite samples will be analyzed for
semi-VOCs, and metals.

The soil boring will be deepened following soil sampling and completed as an
upper zone monitoring well. Groundwater samples will be collected following
completion and development and again in a month. The groundwater samples will
be analyzed for VOCs, semi-VOCs, and total metals. The results of groundwater
sampling of the new monitoring well will be compared with results from
upgradient wells (HM—77, F—221, new well east of HM—25) and with HM—47
(downgradient) to determine if the basins are contributing to existing
groundwater contamination to the east.

Slug-withdrawal tests will be performed on the new monitoring well and well
HM—47 to determine the hydraulic parameters of the upper zone in the
wastewater basins area. Water-level measurements will also be taken prior to
each sampling to determine groundwater flow directions at the site.

3.3.17 East Parking Lot/Flight Line TCE Plume

3.3.17.1 Findings

The East Parking Lot and the flight line area are located east of the Assembly

Building/Parts Plant (Figure 3—18). Monitoring wells installed previously in
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the East Parking Lot area were found to contain high concentrations of
dichioroethylene (DCE), trichioroethylene (ICE), and chromium. Through
several investigations, 22 upper zone monitoring wells have been installed to
characterize the plume. Neither the source or the total extent of the plume
have been determined. Included in this discussion is tetrachioroethylene
(PCE) contamination identified by the cafeteria near the northern end of the
Parts Plant. A groundwater divide exists that is reported to bisect the
Assembly Building/Parts Plant. The groundwater in the East Parking Lot flows
to the east whereas the groundwater in the cafeteria area is said to flow to
the west.

3.3.17.2 Sampling and Analysis Objectives

The Assembly Building/Parts Plant perimeter survey (see Section 3.3.1) is
being conducted to determine potential source areas for contamination found in
the East Parking Lot/Flight Line area. A large amount of information
currently exists for the area but the maximum extent (downgradient) of
contamination has not been defined. Evidence exists that shows that the
contaminant plume is moving east—southeast from AFP 4 onto Carswell AFB. In

turn, there is also evidence that contaminants originating from Carswell AFB
are mixing with AFP 4 contaminants as the plume migrates eastward. The objec-
tive of the East Parking Lot! Flight Line area sampling is to define, in
conjunction with Carswell AFB, the overall extent of contamination and poten-
tial risks to human health or the environment.

3.3.17.3 Sampling and Analytical Design

Results of previous IRP investigations will be obtained from Carswell AFB and
data will be incorporated into the AFP 4. data base. These will include boring
and monitoring well location coordinates, analytical results, water-level
measurements, aquifer tests, or any other pertinent data. These results will
be used to develop a groundwater flow and contaminant transport model using
modeling software such as SUTRA. MODFLOW, MOC, or FEMWATER/FEMWASTE.

On the basis of flow modeling, locations for additional groundwater monitoring
wells (upper zone) will be identified and submitted to EPA Region VI for
review and concurrence. These wells will generally be located downgradient
from existing Carswell AFB monitoring wells. Samples collected from each new
monitoring well will be analyzed for VOCs, semi-VOCs, total metals, and total
petroleum hydrocarbons for two monthly rounds of sampling (one month apart).
Well locations, drilling permits, and site access will be coordinated with
Carswell AFB. These monitoring wells will be completed to allow sampling of
discrete intervals for LNAPLS, ONAPLs, and soluble organic compounds.

3.3.18 Site-Wide Investigations

3.3.18.1 Lake Worth

3.3.18.1.1 Findings

Contaminants from AFP 4 may be entering Lake Worth via surface water
drainage and upper zone groundwater discharge. Because Lake Worth is used
as a source of public water supply and is also a source of recharge to the
Paluxy aquifer, additional data are needed to evaluate the potential risk
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to human health and the environment from contaminants in surface water and
sediment of Lake Worth.

3.3.18.1.2 Sampling and Analysis Objectives

Water samples will be collected to obtain surface water quality data from
Lake Worth adjacent to AFP 4. These data will be used to evaluate if
contaminants are present in the waters of Lake Worth and, if present, the
likely source of the contaminants and potential receptors and risk
associated with those contaminants. Background samples will be collected
from Lake Worth in two separate areas along the northern shore of Lake
Worth to determine if changes in water quality occur as a result of
activities at AFP 4.

Sediment samples will be collected from the shore of Lake Worth to
determine if past contaminant spills or releases have reached Lake Worth.
The data from the sediments will be used to assess potential risk
associated with contaminated sediments (if present).

3.3.18.1.3 Sampling and Analytical Design

Approximately 25 surface water samples will be collected from Lake Worth.
Surface water samples will be collected from points 10 feet from the shore
and every 400 feet along the shore of Lake Worth beginning at a point 400
feet west of Meandering Road Creek and moving in an easterly direction to

the AFP 4/Carswell property boundary (Figure 3-19). Samples will be grab
samples obtained using the container immersion method. Samples will be
analyzed for VOCS, semi-VOCs, oil and grease, total petroleum hydrocarbons,
and metals.

Approximately 25 sediment samples will be collected at the same locations
following water sampling activities. The sediments will be collected to a
depth of two feet below the lake bottom surface. Grab samples from 1-foot
intervals will be collected immediately for VOC analysis. The remainder of
the sample material for each 1-foot interval will be composited and
analyzed for semi-VOCs, oil and grease, total petroleum hydrocarbons, and
metals. Any sample collected in the vicinity of the former NARF area (see
Figure 2-3) will also be analyzed for radionuclides by gamma spectroscopy
and alpha spectrometry. The sample collected northwest of the mouth of
Meandering Road Creek will be used to assess background levels of
radionuclides.

3.3.18.2 Air Quality Monitoring

3.3.18.2.1 Findings

Previous investigations have not adequately addressed potential
contamination of the air pathway as a result of activities at AFP 4.
Several areas are known to contain soils and groundwater contaminated with
VOCs which have the potential for entering the air pathway through
volatilization. Other areas such as the fire training areas may contain
surface contamination available to the air pathway through windblown
particles.
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3.3.18.2.2 Sampling and Analysis Objectives

Baseline a-jr quality data are needed -in several areas at AFP 4 to evaluate
the potential for contaminant transport in the air pathway and to assess
risk to potential on-site and off-site receptors. Background air quality
data are also needed both upwind and downwind of AFP 4 to allow comparisons
of area air quality versus air quality at AFP 4.

3.3.18.2.3 Sampling and Analytical Design

Off-site air monitoring will be conducted concurrently with on-site RI/FS
field activities at AFP 4 with one station located upwind of the facility
and one station located downwind. Meteorological data will be reviewed to
determine the predominant wind direction at AFP 4. The station locations
will be selected based on these data. The sampling stations will consist
of a low volume sampling pump and activated charcoal tube for collecting
organic compound vapors and a Hi-Vol sampler for the collection of airborne
particulate matter. Sample collection will be performed according to ASTM
procedures 03686-84 and 04096-82, respectively.

3.3.18.3 Continuous Groundwater Elevation Monitoring

3.3.18.3.1 Findings

Review of data from previous studies indicate that the hydrologic regime is
poorly understood. In particular, more data are needed on the
interconnectedness between the aquifers and their responses to external
stresses. Although some wells have been continuously monitored, these data
are insufficient to adequately characterize the entire system of aquifers.

3.3.18.3.2 Sampling and Analysis Objectives

Additional information is needed for both the upper zone and Paluxy aquifer
systems to determine how each aquifer responds to external stresses over
time. This information will be used in groundwater flow and
contaminant transport modeling to account for changes in the aquifer due to
such variables as lake fluctuations, variations in precipitation, and

aquifer pumping.

3.3.18.3.3 Sampling and Analytical Design

At two distinct locations at the plant, "continuous" data loggers and
electronic pressure transducers will be installed in upper zone and Paluxy
aquifer monitoring wells. One location will be selected near Lake Worth
and the other location will be distant from Lake Worth. Data collected
will be evaluated to determine:

hydraulic communication between the two aquifer systems
hydraulic response to external stresses

hydraulic properties.
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3.3.18.4 Paluxy Aquifer System Characterization

3.3.18.4.1 Findings

Insufficient data are available to characterize the hydraulic parameters of
the Upper Paluxy aquifer in several areas of AFP 4. Because the Paluxy
aquifer system is an important water supply resource in the Fort Worth
area, parameter data are needed to allow contaminant transport modeling for
AFP 4 and adjacent properties.

3.3.18.4.2 Sampling and Analysis Objectives

Aquifer pumping tests are needed to provide hydraulic parameters for use in
groundwater flow and contaminant transport modeling and remediation
evaluation. In addition, these tests are needed to evaluate the hydraulic
properties of the important aquitards that are part of the Paluxy system.
Subsurface borings, logging, and monitoring well construction will be
conducted to provide additional hydrogeologic control in areas that are
currently lacking this information in the area of AFP 4. Core analyses
will be conducted to provide hydraulic and contaminant transport parameters
for use in transport modeling.

Groundwater quality data are needed to provide information on site-wide
water quality of the Paluxy aquifer system. This information will be used
to assess the impacts of individual contamination sites on the overall
water quality of the Paluxy aquifer system downgradient of AFP 4.

3.3.18.4.3 Sampling and Analytical Design

Subsurface boring, logging, and monitoring well construction will be
completed for 4-6 additional Upper Paluxy multiple-level wells in areas
where data are lacking. Cores will be collected and submitted to an
engineering laboratory for core analysis to determine vertical hydraulic
conductivity, total organic carbon content, and organic partition and
distribution coefficients (see section 5.5.2 for specific analytical
methods). Two monitoring zones will be completed in each well -- a DNAPL
zone and a dissolved phase zone.

Following well drilling and completion, aquifer pumping tests will be
conducted on the new wells and some existing wells in the Paluxy aquifer
system. Hydraulic response will be monitored in other formations during
the tests to determine the degree of interconnectedness. Groundwater
samples will be collected from the new wells and analyzed for VOCs, semi-
VOCs, and total metals.

3.3.18.5 Ecological Sampling

3.3.18.5.1 Findings

Data are lacking on the ecological system at AFP 4. Several potential
sources of contaminants exist at AFP 4 that could adversely affect the
natural environment.
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3.3.18.5.2 Sampling and Analysis Objectives

Representative samples of vegetation, small animals (i.e., rodents), and
aquatic life will be collected in areas known or suspected to be
contaminated with hazardous waste to provide data necessary to complete a
baseline risk assessment and to complete an environmental assessment of
remedial action alternatives.

3.3.18.5.3 Sampling and Analytical Design

An ecological survey will be conducted for specific areas adjacent to AFP
4. An inventory of flora and fauna will be prepared and observations will
be made to determ-ine if there -is any evidence of environmental damage or
stress in the area of AFP 4.

If evidence of stressed vegetation is observed, samples of the affected
vegetation will be collected and analyzed for trace contaminants.
Selection will be based on visual observations such as discoloration,
stunted growth, or dead vegetation.

If burrowing animals are found to inhabit areas of known contamination

exceeding background concentrations, a representative specimen will be
collected and analyzed for trace contaminants.

Representative samples of bottom dwelling aquatic life such as fish or
crayfish will be collected from Meandering Road Creek, Farmers Branch of
the Trinity River, and Lake Worth and analyzed for trace contaminants.

3.3.18.6 Meandering Road Creek

3.3.18.6.1 Findings

Upper zone groundwater is known to discharge from AFP 4 along the
Meandering Road Creek drainage by way of seeps. Much of the upper zone
groundwater upgradient of the seeps is known to be contaminated with fuels,
solvents, oil and grease, and metals. A potential exists for contamination
of surface waters and sediments as a result of upper zone discharge into
Meandering Road Creek. It is also suspected that the creek is providing
recharge to the Paluxy aquifer. A potential exists for contaminant
migration into the Paluxy aquifer which is used for domestic water supplies
in surrounding communities.

3.3.18.6.2 Sampling and Analysis Objectives

The objective of the Meandering Road Creek study is to determine the extent
of surface water contamination originating from AFP 4. Upstream surface
water and sediment samples are needed to determine potential contamination
to the surface water pathway from upstream sources before the creek enters
the AFP 4 facility boundary. Samples along the facility boundary are
needed to better define the source areas for contamination entering
Meandering Road Creek from AFP 4. Additional seeps need to be identified
and sampled to characterize upper zone discharge.
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3.3.18.6.3 Sampling and Analytical Design

Existing surface water sampling locations, previously sampled by Hargis +
Associates, Inc. on a routine basis, will not be resarnpled because
sufficient data exist from these locations. New locations will be
established both upstream and between previously established sampling
locations to better define the distribution of contaminants (see Figure 3—
19). Exact locations will be determined in the field and approved by the
onsite EPA representative. These samples will be collected using the
container immersion method (see Appendix A, A6.llg) and will be analyzed
for volatile organics, semi—volatile organics, total metals, total
petroleum hydrocarbons, and oil and grease. Water quality parameters (pH,
conductivity, temperature) will be monitored in the field at the time of

sampling.

Sediment samples will be collected at all new and existing creek sampling
locations (Figure 3—19) and will be analyzed for volatile organics, semi-
volatile organics, metals, total petroleum hydrocarbons, and oil and

grease.

Seep samples will be collected at all existing seep sampling locations (see
Figure 3—19) and at any additional seeps present along the drainage at the
time of sampling (location and frequency of seeps may be dependent upon
time of year and climatic conditions at time of sampling). It is estimated
that up to 10 seep samples will be collected along the Meandering Road
Creek drainage. These samples will be collected using a stainless steel
scoop and will be analyzed for volatile organics, semi-volatile organics,
total metals, total petroleum hydrocarbons, and oil and grease (see
Appendix A6.13).

3.3.18.7 Background Sampling

3.3.18.7.1 Findings

Insufficient data exist for background concentrations of analytes in soils
and soil gas for the area of AFP 4 to allow comparisons of background
versus anomalous concentrations of specific contaminants in soils and soil

gas.

3.3.18.7.2 Sampling and Analysis Objectives

Two off-site locations having the same lithologic materials as found at AFP
4 will be identified for use as locations for determining background
concentrations of specific analytes. The locations will be chosen not only
according to lithology but will also be chosen on the basis of being in a
non-contaminated area (i.e., no nearby industrial activity). Soil and soil
gas samples collected at each location will be analyzed and the resulting
analyses will be used for comparing analyte concentrations found at AFP 4
with background concentrations. These data will aid in determining areas
which contain anomalous concentrations of specific analytes. "Anomalous
concentrations" will later be determined using statistical techniques
(i.e., mean and standard deviation using a student "t" test).
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3.3.18.7.3 Sampling and Analytical Design

Two soil samples will be collected at each background location. A soil
boring will be completed to a depth of two feet using a stainless steel
hand barrel auger to obtain two samples. One from the surface to a depth
of one foot and a second sample from the one foot to two foot depth. Each
one foot interval will be composited aftera grab sample is collected for
volatile orgar,ics. The composited sample will be analyzed for semi-
volatiles, metals, total petroleum hydrocarbons, and oil and grease.

Near the soil boring, a soil gas sample will be collected from a depth of
four feet and a sample tube will be sent to the analytical 1ab.dtory for
Gas Chromatograph/Mass Spectrometer (GC/MS) analysis. In addition, field
screening measurements will also be taken for comparison with the
laboratory data (see Appendix A, A7.1, and A9.3 for a description of the
sampling and field screening techniques that will be used).

3.3.18.8 Leachability Testing

3.3.18.8.1 Findings

Leachability tests on contaminated sofls are needed at AFP 4 to provide
data on potential groundwater contamination that could result fror
leaching. The data are also needed when evaluating the types and
effectiveness of various remedial action alternatives for cleanup of
contaminated soils.

3.3.18.8.2 Sampling and Analysis Objectives

Zones of contamination at each type of hazardous waste site at AFP 4 will
be sampled for TCLP analysis. Samples will be biased toward the most
highly contaminated soils based on visual evidence and/or field screening
techniques (i.e. photoionization detector). Samples will be split with one
split being analyzed by standard analytical methods and the other split
being analyzed by TCLP. The resulting data will be compared and the amount
of contaminants available to environmental pathways through leaching
processes will be evaluated. The data will also be evaluated to determine
the effects of leaching on various remedial action technologies.

3.3.18.8.3 Sampling and Analytical Design

A biased sample of contaminated soil will be collected from each type of
contaminated area present at AFP 4. These will include:

A representative FOTA site
• A representative FSA site

Landfill 1
Landfill 3
Die Yard Chemical Pits

• Other zones of contamination encountered during RI/FS
characterization as required.

Splits will be taken at each sample location; one split will be analyzed
for VOCs, semi-VOCs, and metals by standard analytical methods and the
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second split will be for TCLP analysis. The TCLP split will be immediately
extracted and analyzed for VOCs and semi-VOCs. A portion of the extract
will be reserved for metals analysis. The TCLP sample will be analyzed for
metals only if metals concentrations from the standard analysis exceed 20
times the TCLP regulatory levels (40 CFR 261.24). All samples will be from
the most highly contaminated zones based on visual and field screening

techniques.

3.3.18.9 Common Ions

3.3.18.9.1 Findings

Common ion water quality data are needed for aquifer systems at AFP 4 to
aid in determining sources of aquifer recharge, defining groundwater flow
paths, and evaluating the effect of water quality on potential remedial
action technologies used in groundwater remediation.

3.3.18.9.2 Sampling and Analysis Objectives

Data from common ion analyses will be used to characterizwe the
geochemistry of the aquifer systems at AFP 4. Comparison of common ion
data from monitoring wells distributed across the AFP 4 facility may be
useful in determining the source and direction of groundwater flow. Stiff
diagrams previously generated by Hargis and Associates, Inc. at AFP 4
appear useful in differentiating water originating from Lake Worth versus

Meandering Road Creek, for example, in the Upper Paluxy Aquifer.

3.3.18.9.3 Sampling and Analytical Design

Representative samples from potential source areas of groundwater recharge
(i.e. Lake Worth, Meandering Road Creek, and potable water mains) will be
collected and analyzed for common ions to be used for comparison with
groundwater obtained from the Upper Zone and Paluxy aquifers. Samples will
be collected at 20 percent of the monitoring wells sampled and will be
analyzed for chloride, fluoride, nitrate, nitrite, phosphate, sulfate,
calcium, iron, magnesium, potassium, silica, and sodium.
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4.0 GENERAL DESCRIPTION OF FIELD PROCEDURES
-- 75

4.1 INTRODUCTION

This section is intended to provide guidance to the sampling team on the
detailed procedures to be used for collecting samples and data in the field.
The procedures described in the following section will be used to complete the
tasks identified in Section 3.0. Procedure descriptions are presented by
media (i.e. soils, sediments, groundwater, surface water). Appendix A of this
plan presents step-by-step procedures whereas this section provides a more
general description of the equipment, methods, and procedures.

Some specific procedures have been modified by a Site Specific Procedure
Change or Notice in Appendix A. If a situation arises that is not addressed
by the specific procedures or the change notice, the guidance in this section
(4.0) should be followed.

Table 4—1 contains a summary of the sampling locations, tasks, and sampling
procedures to be used for each site. Unusual field sampling conditions may
require departures from the procedures described in this section. Such
occurrences will be fully documented in the field logbooks for the affected
site(s). Table 4-2 defines the analytical parameters to be used for AFP 4.
Table 4-3 specifies the quality assurance/quality control (QA/QC) sample types
and quantities for both the field and laboratory activities. For sample
container size and type, sample preservation requirements, and holding times,
see Table 5—1 of Section 5.0.

4.2 SOIL AND SEDIMENT SAMPLING

4.2.1 Surface Soil Sampling (or shallow subsurface)

4.2.1.1 Barrel Auger

Prior to sampling, the immediate area to be sampled will be cleaned of debris
or litter. A barrel auger (hand operated) will be used to penetrate surface
and near—surface soil to the desired depth to obtain a sample for analysis.
Depths will generally be from 0 to 6 inches or 0 to 12 inches. The sampling
equipment will Consist of a stainless steel auger bit attached to a stainless
steel rod and a lilt. handle. The auger bit will be used to bore a hole to the
desired depth and then will be withdrawn. The barrel portion of the auger bit
holds the soil cuttings and eliminates contact with the sidewall of the
borehole, which will minimize the potential of contaminating the soil from
other parts of the hole.

Using a stainless steel spoon and/or knife, the sample will be removed from
the auger barrel and will be placed in a stainless steel or aluminum tray for

thorough mixing prior to bottling. Sample material to be analyzed for
volatile organics, however, will be bottled as-is immediately upon removal
from the auger barrel to avoid loss of volatiles. The sample material removed
will be scanned with a photoionization detector. Where radioactive materials
are suspected, the' sample will be scanned with a beta—gamma detector and an
alpha—particle detector. These measurements will aid in decisions to be made

concerning sample packaging, handling, shipping, and personnel-protection
requirements. Following sample collection, the sampling equipment will be
cleaned using decontamination procedures described in Section 4.9.
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Table 4—2. Definition of Analytical Parameters

53 81

Acronym Laboratory Parameters Analytical Method
in text

Target Compound List (TCL) EPA Metod 624/8240
VOCs 1) Volatile Organic Compounds or 8260

acetone (GC/MS purge and trap)
benzenea except as noted
bromodichioromethane
bromoform
bromomethane
2—butanone
carbon disulfide
carbon tetrachloride8
ch 1 orobenzene

chioroethane
chloroform
chioromethane
di bromochioromethane
1, l-dichloroethane
1 ,2_dichloroethanea
1, 1-dichioroethene

1,2—dichioroethene (total)
1 ,2-dichloropropane
cis-1 ,3-dichloropropene

trans-T,3—dichloropropene
ethylbenzene
2- hexa none

methylene chloride
4—methyl -2-pentanone
styrene
1 .1 .2, 2—tetrachloroethane
tetrachloroethene
toluene
1,1, 1—trichioroetharie

1,1 ,2—trichloroethane
trichloroethene (TCE)a
vinyl acetate a
vinyl chloride
xylenes (total)

Semi-VOCs 2) Semi-Volatile Organic Compounds EPA Method 625/8270
acenaphthene (GC/MS extraction)
acenaphthylene
anthracene
benzo(a )anthracene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzoic acid

benzo(g,h, i, )perylene
benzo(a)pyrene
benzyl alcohol
bromophenyl phenyl ether
4-oh loroani line
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Table 4—2 (continued). Definition of Analytical Parameters

Acronym Laboratory Parameters Analyt-ical !ethod
in text

2) Semi-Volatile Organics (con't)
bis(2—chloroethyl)ether
bis(2-chloroethoxy)methane
bis(2-chloroisopropyl) ether
butyl benzyl phthalate
4-chloro-3-methylphenol
2-chloronaphthalene
2-chlorophenol
4-chiorophenyl phenyl ether
chrysene
diberiz(a, h)anthracene
dibenzofuran
1 ,2-dichlorobenzene
1 ,3-dichlorobenzene
1 , 4-d i chlorobenzene
3, 3-dichlorobenzidi ne

2,4-dichiorophenol
diethylphthalate
2 ,4-dimethylphenol

dimethyl phthalate
di-n—butyl phthalate
di—n-octyl phthalate
2, 4—dinitrophenol
4, 6-dinitro—2—methylphenol
2, 4-dinitrotoluene
2, 6-dinitrotoluene

bis(2-e-thylhexyl )phthalate
f 1 uorantherie
fluorene
hexach 1 orobenzene

hexachlorobutad i ene
hexachiorocyclopentadiene
hexachloroethane

indeno(1 ,2,3-c,d)pyrene
i sophorone

2—methylnaphthalene
2—methyiphenol
4-met hyipheno 1

naphthalene
2—ni troanal me
3—n-i troanalme
4—nitroanaline
ni trobenzene

2—nitrophenol
4-ni trophenol

n—ni troso-di-n-dipropylamine
n-ni trosodi phenylamine

pentachiorophenol
phenanthrene
phenol
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Table 4—2 (continued). Definition of Analytical Parameters

Acronym Laboratory Parameters Analytical Method
in text

2) Semi-Volatile Organics
pyrene
1 ,2,4—trichlorobenzene

2,4, 5—trichlorophenol
2,4, 6—trichlorophenol

TCLP
arsenic
barium
cadrni urn

chromium
lead
selenium
silver

TCLP (VOCs and semi-VOCs)
benzene

bis(2—chloroethyl)ether
carbon disulfide
carbon tetrachioride
chlorobenzene
chloroform
1 , 2-dichlorobenzene
1 ,4-dichlorobenzene
1 ,2-dichloroethane

1, 1-dichloroethylene
2,4-dinitrotoluene
hexach 1 orobenzene

hexachloro-1 ,3-butadiene
- hexachloroethane
methyl ethyl ketone
methylene chloride
ni trobenzene

pentachloropheno 1

phenol
pyridine
1,1,2,2 tetrachloroethane

tetrachloroethylene
toluerie

1,1, l—trichloroethane
1,1 ,2—trichloroethane

Digested by EPA Method
3005, 3010, and 3020.
Analysis by EPA 7000
series and EPA 6010.

Extracted by EPA Method 1311

Digested by EPA Method 3010,
3020
Analysis by EPA 7000 series
and 6010

Extracted by EPA Method 1311
followed by EPA Method 8240/826'
for VOCs, 8270 for semi-VOCs

(Con't) EPA Method 625/8270

Priority Pollutant List
Metals 1) Metals

antimony lead
arsenic nickel

beryllium selenium
cadmium silver
chromium thallium

copper zinc

Metals
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Table 4—2 (continued). Definition of Analytical Parameters

Acronym Laboratory Parameters Analytical Method
in text

Metals TCLP (VOCs and semi—VOCs) continued

trichioroethylene
2,4,5 trichiorophenol
2,4,6 trichlorophenol
vinyl chloride

Inorganics
chloride EPA Method 300.0

chromate (hexavalent chromium)
fluoride
nitrate
nitrite

phosphate
sulfate

cyanide EPA Method 335.2

calcium EPA Method 6010
iron

magnesium
potassium
silica
sod i urn

TPH Total Petroleum Hydrocarbons EPA Method 418.1

(infrared spectroscopy)

0&G Oil and Grease in Water EPA Method 3550/413.2
Oil and Grease in Soil UNC Method K-7

Radioi sotopes

total uranium EPA Method 6010
thorium—230 (iNC Method C—b (alpha

spectrometry)
radium-226 UNC gamma spectroscopy
cobalt-60 UNC gamma spectroscopy
cesium-137 UNC gamma spectroscopy

LNAPL Waterborne petroleum oil
qualitative scan - ASTM Method 0 3328-78

a
EPA Method 524.2. or EPA Method 8260 with a 25 mL purge, will be used for
samples collected from Paluxy monitoring wells located on the plant perim-
eter where the Paluxy groundwater flow is in an off-site direction.

b
EPA Method 8260 meets or exceeds EPA Method 8240 in precision and

accuracy.
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Equipment and supplies used for sampling with a barrel auger include the

following:

• Barrel Auger

• Stainless Steel Spoon

• Stainless Steel Knife

• Disposable Latex Surgical Gloves

• Leather Gloves

• Stainless Steel Trays (or aluminum if Al is not being analyzed)

• Tape Measure

• Chain of Sample Custody Forms (form UNC 1512)

• Cooler With Ice (Blue IcéTMor equivalent)

• Sample Containers

• Decontamination Solutions and Supplies (see Section 4.9)

• Waste Containers

• Photoionization Detector

• Alpha and Gamma—Ray Scintillometers (if applicable)

4.2.2 Subsurface Soil Sampling

4.2.2.1 Split—Barrel Sampler

A truck-mounted hollow-stem auger rig will be employed at the AFP 4 to
complete the subsurface soil sampling in conjunction with the drilling of
groundwater monitoring wells. Drilling procedures as related to sample
collection are described in more detail in Appendix A, Section A2.O and A3.O.

The hollow-stem auger will be used to auger to the sampling depth. A 3-inch
0.0. by 24-inch-long split-barrel sampler will be lowered inside the hollow
stem to the top of the interval to be sampled. Using a 140-pound drop hammer
or equivalent hydraulic driver with a 30-inch drop, the sampler will be driven
for the length of the sampler or until no further penetration is achieved
after 50 blows for each 6 inches of penetration.

Once the sampler is full or no further penetration is possible, the sampler
will be carefully removed from the borehole and separated from the drive-rod
assembly. The sampler will be laid flat on an uncontaminated surface and the
head and drive shoe removed. One—half of the split-barrel will be removed
exposing the sample. The uppermost portion of the sample (slough) will be
discarded. The sample will be screened with a photoionization detector while
in the split-barrel sampler. Sample material to be analyzed for volatile
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organic compounds will be removed immediately from the core. The remaining
sample material will be placed in a stainless steel or aluminum pan and will
be thoroughly mixed prior to bottling. If a discrete section of the core
shows evidence of significant contamination, this section(s) will be sampled
without mixing the entire sample core. These samples should be considered for
TCLP analyses as specified in Section 3.3.18.8.

Following each sample collection, the split—barrel will be cleaned or replaced
with a pre—cleaned barrel to avoid cross-contamination of the samples, as
specified in Section 4.9 of this plan.

Equipment and supplies to be used in sample collecting with a split-barrel
sampler include the following:

• Split-Barrel Sampler (stainless steel)

• Disposable Latex Surgical Gloves

Stainless Steel Spoon

• Stainless Steel or Aluminum Pan

Tape Measure

Sample Containers

• Chain of Sample Custody Forms (form UNC 1512)

• Waste Containers

• Coolers and Ice (Blue Ice or equivalent)

Photoionization Detector

• Alpha and Beta/Gamma Detectors (if applicable)

4.2.3 Barreled Drill Cuttings

A stainless steel barrel auger will be used to collect a grab sample for VOCs
and a composite soil sample representative of the contents of the barrel. The
auger will be forced into the media to the full length of the auger barrel.
The core will be removed using a stainless steel knife or spoon. The
composite sample will be placed in a stainless steel pan and thoroughly mixed
prior to bottling.

4.2.4 Lake Worth and Meandering Road Creek Sediment Samplirq

Sediment samples will be collected to a depth of two feet at each water sample
location along the shore of Lake Worth. All sediment sampling in this area
will be collected with a hand corer and an eggshell core catcher. Samples
collected near the NARF area will be scanned for radioactivity with alpha,
beta, and gamma detection equipment. These potentially radioactive samples
will have a unique identification number (see section 5.2) and special
handling, packaging, and shipping requirements that depend on the radiation
levels (see section 5.4).
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From Lake Worth and Meandering Road Creek, a grab sample will be collected
from each 1-foot interval to a depth of 2 i.t and immediately contained for
VOC analysis. The remainder of the sample material from each 1-foot interval
will be composited. A hand corer will also be used to collect sediment
samples from Meandering Road Creek. The hand corer will be forced into the
sediment in a smooth continuous motion, twisted, and then removed from the
water. The nosepiece will be removed and the sample placed into a stainless
steel or aluminum tray. The sample will be transferred into a labeled sample
container with a stainless steel lab spoon or equivalent and preserved as
required. Detailed procedures are provided in Appendix A5.1.

4.3 SOIL GAS SAMPLING

Soil-gas surveys will be performed using a systematic grid. At grid
locations, a six foot long hollow 3/4-inch steel rod with an expendable drive
point will be driven to a depth of 4 feet. In areas of easy access, a
hydraulic hammer-drill mounted in the rear of a cargo van will be used to
drive the rods. In areas of limited access, the rods will be driven manually
using a three pound slide hammer. After driving to 4 feet, the rod will be
raised 4 inches to release an expendable drive point and to ensure a cavity
exists from which to draw the sample.

Using a battery—operated, low volume, sampling pump attached to the sampling
tube, the air within the rod will be purged to ensure the sample is being
obtained from the 4—foot zone. For the Fuel Saturation Areas, a calibrated
Photovac TIP will be connected to the sample probe and a measurement will be
taken and recorded. Following the TIP measurement, a specific indicating
detector (Drager tube) for petroleum hydrocarbons and a hand operated vacuum
pump will be attached. Following these measurements, at approximately ten
percent of the locations, a sorbent tube and battery operated sampling pump
will be attached to the sample probe. A measured volume of soil gas will be
pulled through the sorbent tube using the calibrated sampling pump. After
sample collection the sorbent tube will be stored in a cooler at 4 °C to
prevent thermal desor'ption. The sorbent tubes will be sent to an analytical
laboratory for VOC analysis. The results of the soil gas surveys will be used
to guide further field measurement and sampling activities.

For the Assembly Building/Parts Plant perimeter soil gas survey, TIP
measurements will be taken at each location followed by the collection of a
sorbent tube sample which will be sent to an analytical laboratory for VOC
analysis.

Equipment and Supplies

6-foot 3/4-inch hollow steel drive rods
Expendable drive points
Slide hammer or hydraulic hammer drill
Hydraulic rod removal jack

Low volume battery operated sampling pump
Hand-operated sampling pump
Petroleum hydrocarbon detector tubes (i.e. Drager tube)
Supelco Carbotrap 300 sorbent tubes or equivalent

• Teflorr 1/4—inch 1.0. tubing
Calibration gas for TIP
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4.4 WATER SAMPLING

4.4.1 Groundwater Sampling

4.4.1.1 Conventional Monitoring Wells

Groundwater will be sampled from existing and newly installed conventional
monitoring wells at AFP 4 as described in Section 3.0. Conductivity,
temperature, and pH will be measured in the field at the time of sampling. On
20 percent of the samples, field measurements of El,, dissolved oxygen, and
alkalinity will also be made (see Appendix A6.6, A6.9, and A6.7 for specific

procedures).

Conventional wells will be pumped before sampling for a minimum of three bore
volumes where practical, to a maximum of five bore volumes. This will ensure
that a representative sample is being collected. The pH, temperature, and
conductivity of the discharge water will be monitored during pumping. The
probes will be immersed in a flow-through cell soon after pumping begins to
monitor the pH, temperature, and conductivity. The standard solutions for
calibrating the pH meter will be brought to the temperature of the water in
the flow-through bath and the meter will be standardized prior to taking the
pH measurements. Electrical conductivity will be measured using a
conductivity meter that has been calibrated before sampling. The conductivity
probe will be placed in the flow—through bath; pH, temperature, and
conductivity measurements will be recorded periodically throughout the time of
pumping. The samples will be collected after the pH, temperature, and
conductivity have stabilized for at least one-half a bore volume.
Stabilization criteria will be± 0.25 pH, imhos/cm, and±O.5 °C.

Existing wells with dedicated pumps will be purged using the existing pump.
Newly constructed conventional wells will be purged using a peristaltic
Suction lift-type pump. This pump will also be used to collect the inorganic
samples. Organic samples will be collected using dedicated Teflor?4bailers.
Wells that cannot be purged using a suction lift-type pump will be purged and

sampled -using a submersible bladder-type pump. Two types of pumps may be
used: (1) Pump A has a stainless steel housing and Vitorr seals and bladder and
(2) Pump B has a stainless steel housing, Teflorr bladder and Viton seals.

Samples requiring filtration will be filtered through a 0.45-micron cellulose-
acetate or nitrate membrane filter in conjunction with a flow—through
filtration system. The filtration system consists of a filter holder and
Teflorr support screens on the top and bottom of the filter.

Sample bottles will be filled by allowing the pump or bailer discharge to flow
gently down the side of the bottle with minimalentry turbulence. The sample
will then be capped and stored at 4 °C. For samples requiring preservation to
pH <2 (such as with HNO3 for metals), the proper amount of preservative will
be added and the bottle capped. Samples collected for organics will be
preserved, filled, bottled with no bubbles, and cooled to 4 °C.

Purge water will be treated on site prior to disposal, or contained in a tank
or barrel and stored until analysis of the water is completed. Disposal will
be based on the analytical results of the water.
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Equipment and supplies used for groundwater sampling will include the
following:

• Masterflex Peristaltic Sampling Pump (to 20-foot sampling depth) or

equivalent

• Geofilter Peristaltic Pump (to 20-foot sampling depth) or equivalent

• lEA Poseidon Model Gas-Operated Bladder-Type Pump (to 200-foot
sampling depth) or equivalent

• Teflor?Bailers

• Conductivity Meter (temperature and conductivity)

• Eh Meter

• Dissolved-Oxygen Meter

• p1-f Meter

• Water-Level Indicator

• Portable Generator

• Filter Holder and Filters

• Latex, N-itrile, and Silver Shield gloves,

• Sample Bottles

• Concentrated HC1

• Concentrated H2S04

• Concentrated HNO3

• Teflorr Tubing

• Cooler With Ice (Blue Icor equivalent)

• Maximum-Minimum Thermometer for Cooler

• Chain of Sample Custody Forms (form UNC 1512)

4.4.1.2 Multiple—Level Monitoring Well Sampling

Multiple-level monitor well systems are designed to permit water sampling from
several pre-selected depth intervals in one borehole. A measurement port
coupling will be sealed off inside a borehole at the depth interval desired.
Selection of the measurement port depth will be based on borehole lithology
and project sampling goals.
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A specialized sampling probe with a sample container attached will be lowered
into the well and connected to the measurement port. The sampling probe will
be activated from the surface and in turn will open the measurement port.
This will allow formation water to flow into the sample container. No well
purging is necessary as the measurement port provides a direct connection
between the formation and the sample container, and no water sits inside the
casing. Detailed procedures for collecting groundwater samples from several
ports completed in the same monitoring well are provided in Appendix A,
Section 411 .3.

4.4.1.3 Groundwater Sampling from Open Boreholes

Groundwater samples will be taken from open boreholes that extend below the
water table, but are not completed as monitoring wells. These samples will be
used for reconnaissance purposes to determine whether a monitoring well will
be needed at a later date. An interface probe will be lowered after the bit
has been removed to indicate when the fluid level has stabilized. If LNAPL or
DNAPL layers are found, then the procedures in Appendix A6.15 are followed.
If only water is detected, then the procedures found in Appendix A6.llc are
followed.

4.4.2 Surface Water Sampling

4.4.2.1 Lake Worth and Meandering Road Creek Water Sampling

The container immersion method of water sampling will be used to obtain grab
samples from Lake Worth and Meandering Road Creek. Temperature, pH, and
electrical conductivity will be measured at the time of sampling. Field
personnel will put on disposable gloves and submerge the sample container
below the water surface. If the water is flowing, the bottle will be pointed
upstream until it is filled to the desired volume. The container will be
lifted from the water, capped, rinsed with distilled or deionized water, and
wiped with a lint—free tissue. The sample will be labeled and preserved as
required. Detailed procedures are provided in Appendix A, Section 46.11g.

4.4.2.2 Meandering Road Creek Seep Sampling

Seep samples will be collected along the Meandering Road Creek drainage at all

existing seep sampling locations and any additional seeps present along the
drainage at the time of sampling. The bottom of a stainless steel scoop will
be pressed against the bank so that water will flow into the scoop without
disturbing the bank. When required, preservatives are added to the sample
bottle. The sample bottle will then be tilted and the sample poured slowly
into the sample container along the side of the bottle. Detailed procedures
are in Appendix A6.13.

4.5 FLUID—LEVEL MEASUREMENTS

4.5.1 Water— and Free Product-Level Measurements

An interface probe will be used to measure depth to the top of any free
product layers (both DNAPLs and LNAPLs) and to the top of the water in
monitoring wells. The depth to fluids will be determined with respect to the
casing top and will be measured prior to purging and sampling. The water-
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level measurements will be used to estimate groundwater flow directions and
velocities. Pressure transducers installed in multiple—level monitoring wells
provide measurements of hydraulic head and vertical hydraulic gradients.
These measurements will be used in place of water-level measurements.

4.5.2 Continuous Groundwater-Level Measurements

Continuous water-level recorders will be installed in several wells to record
fluctuations in the water table. The equipment will consist of electronic
pressure transducers and an electronic data logger. The transducers will be
set to record data every 15 minutes. The data logger has enough memory to
store data collected every 15 minutes for 16 weeks. A laptop computer will be
connected to the data logger every 8 to 14 weeks to collect previous data.
Before placing the transducer, the water level in each well will be measured.
The transducer is then placed in the well at a level below any water level
fluctuations. The operator will wait for the water level to stabilize from
the effect of placing the transducer and cable into the well before using the
data logger.

4.6 AQUIFER TESTS

4.6.1 Single-Well Aquifer Tests

Single-well aquifer tests will be used to measure the hydraulic conductivity
of the upper zone. Tests will be conducted on all new monitoring wells and
selected existing monitoring wells as specified in Section 3.0 of this plan.

The slug-withdrawal method will be used. The slug-withdrawal test apparatus
consists of a capped, weighted bailer and an electronic pressure transducer
connected to an automatic electronic data logger. Both the transducer and the
bailer are lowered into the well. The bailer-support line and transducer
cable will be marked to allow proper positioning within the well.

The transducer is lowered to a position 6 inches above the bottom of the well
casing and the cable is taped to the exterior of the casing at the top of the
well. The bailer is lowered until the top of the bailer is 6 inches below the
fluid level. The data logger is turned on and observed until the water level
in the well stabilizes (data—logger reading is constant). The recording
interval is then set at "continuous" and the bailer is quickly lifted out of
the fluid.

Continuous recording is maintained for the first 5 minutes of the test. At 5
minutes, the recording interval is set to 30 seconds; at 10 minutes, the
recording interval is set to 1 minute; at 20 minutes, the recording interval
is set to 2 minutes; and at 40 minutes, the recording interval is set to 5
minutes. The maximum recording interval of 10 minutes is set at 2 hours into
the test and maintained until the water-level recovery rate becomes

negligible.

The data from the slug tests will be entered into individual data files on a
microcomputer. The first column will be "time in seconds" and the second
column will be "hydraulic head in feet." The computer program BAIL, developed
by UNC Geotech personnel, will be used to calculate the hydraulic conductivity
from the slug-test data. The program plots the log of the normalized drawdown
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versus time. Well-completion information is entered into the data base and
the hydraulic conductivity is calculated. Examples of the resulting plots and
calculations are presented in Figures 4—1 through 4—3.

4.6.2 Multiple-Level Well Aquifer Test

Multiple-level monitoring systems are designed to allow measurement of the
change in pressure during fluid withdrawal or addition. An open/close tool is
lowered into the well and a pumping port opened. The open/close tool is
removed from the well. An electronic pressure transducer is lowered inside
the casing to obtain a record of pressure changes over time. A sealed
weighted bailer is then lowered into the fluid and the water level allowed to
stabilize. Changes in pressure over time are monitored. The hydraulic
conductivity can be calculated by standard methods for slug withdrawal tests.
Procedures for conducting aquifer tests on a multiple—level well are provided
in Appendix A, Section A11.3.

4.7 MONITORING WELL INSTALLATION

4.7.1 Conventional Monitoring Well Installation

The criteria used to determine whether conventional nested monitoring wells or
multiple-level wells, PVC or stainless steel screens and casing, and
Continuous wire wrapped or slotted screens will be installed at each location
are presented in Section 4.7.3. Conventional monitoring wells will be drilled
primarily using hollow—stem augers. The well installations will be in
accordance with local, state, and federal guidelines.

Conventional monitoring wells will be completed using PVC or stainless steel
screen with flush—joint threaded casing. The annular area around the screen
and extending 2 feet above the screened area will be packed with well sand. A
minimum 3-foot bentonite seal will then be placed on the top of the sand pack.
The remainder of the annular space around the casing will be grouted to the
surface with an expanding grout mixture of cement and powdered bentonite. The
bentonite content of the grout will not exceed 4 percent by total volume. The
screen will be installed for the contaminant(s) of interest at each site.
Wells installed for the collection of LNAPLs will be screened such that 2 feet
will be above the water table and three feet will extend below the water
table. This will allow for seasonal water table fluctuation or drawdown from
potential pumping operations in other areas. Monitoring wells designed for
the collection of soluble organic compounds will be installed such that the
screen is located within the central portion of the aquifer or within a layer
of interest. Monitoring wells designed for the collection of DNAPLs will be
screened such that the bottom foot of the screened interval extends into the

underlying confining layer upon which DNAPLs are expected to pool. All
monitoring wells will be completed using a sand pack, bentonite seal, and
grout as specified above. -

All wells will have a locking cover. Flush mounted wells, sealed to prevent
surface infiltration, will be installed where necessary to minimize
disturbance to contractor activities. Otherwise, a concrete pad will be
installed at the surface and, where necessary, steel posts will be installed
around the well for protection. The posts will be properly painted to allow
visibility in high—traffic areas.
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Drill cuttings and water removed during the drillin9 process will be screened
with a photoionization detector. The cuttings and water will be drummed or
otherwise containerized and labeled for later disposal. Those cuttings known
to contain VOCs from the photoionization screening will be properly sealed and
labeled. Samples will be collected from all containerized material and the
disposal requirement will be determined based on the results of analysis of
the containerized materials.

Following completion, the wells will be developed through the use of a vented
surge block followed by pumping with a submersible pump or a hand- or
mechanically-operated "momentum pump" which operates on the principle of

imparting an upward velocity to groundwater by rapidly raising and lowering a
discharge pipe equipped with a foot—valve at its bottom end. The surging!
pumping cycle will continue until the water is free of any sand, silt, or
clay. Development will be considered complete when sand is not observed in
discharge water pumped from the very bottom of the well, and the turbidity of
the water is less than five nephelometric turbidity units (Appendix A6.3a).

4.7.2 Multiple—Level Monitoring Well Installation

A borehole will be drilled as if to install a conventional monitor well.
Borehole lithology will be noted at the time of drilling to allow optimum
placement of sampling ports. The casing components will be selected and
connected together on the surface on clean plastic sheeting. Well screen
depth intervals will be selected based on borehole lithology and project
sampling goals. The casing assembly will be placed inside the borehole and
the different sections of well screen sealed off with bentonite and expanding
grout sequentially as the hollow stem augers or drill casing is removed.
Packers will not be used at AFP4 due to possible degradation of the packer
material by chemical contaminants. After two weeks to allow the grout to set
up, the monitoring zones will be developed. Each screened section will
contain a measurement and a pumping port. All pumping ports will be opened
and fluid pumped from the multilevel casing using suction lift or a foot-valve
equipped pump. After the fluid is reasonably clean, the pumping ports will be
closed and developed one at a time. Development will be considered complete
when no sand is observed in discharge water and the turbidity of the water is
less than five nephelometric turbidity units (NTUs). If these criteria cannot
be met, development will continue until NTU readings stabilize. Installation
procedures for multiple-level monitoring wells are provided in Appendix A,
Section A11.3.

4.7.3 Monitoring Well Design Criteria

Both conventional nested and multiple-level monitoring wells will be installed
at AFP 4. Table 4—4 summarizes the type of monitoring well to be installed in
each study area. Wells will be constructed of PVC and/or stainless steel
casing and screens or ports. The screen in each conventional well will be
either continuous wire wrapped or slotted, depending on the lithology. The
general criteria that follow were used in monitoring well design selection.

4.7.3.1 Conventional Nested Monitoring Wells

• If an LNAPL layer is thin relative to the fluctuations in the water
table. (Because of the very small sampling port on a multiple—level
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Table 4—4. Summary of New Monitoring Well Design by Study Area at AFP 4

Study Area Monitoring Well Design1

Assembly Building/Parts Plant Multiple Level

Underground Storage Tanks Conventional

Landfill No. 3 Conventional

FDTA No. 2 Conventional

FDTA No. 5 Conventional

FDTA No. 6 Conventional

Chrome Pit No. 3 Conventional

Die Yard Chemical Pits Multiple Level

FSA No. 1 Conventional

FSA No. 2 Conventional

FSA No. 3 Conventional

Jet Engine Test Stand Conventional

Wastewater Collection Basins Multiple Level

East Parking Lot! Flight Line Area Conventional

Paluxy Aquifer System Multiple Level

1

Conventional nested well design is described in Section 4.7; Multiple-
Level well design is described in Section 4.7 and Appendix A, Section A11.3a.
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monitoring well, it would be difficult to position the port at the
exact depth necessary to insure that a sample could be collected.)

• If the monitoring well is likely to be destroyed during remedial action
and the expense of a multiple level monitoring well is not justified.

• At locations, such as the fuel saturation areas, where the monitoring
wells may be used as part of a groundwater treatment system.

4.7.3.2 Multiple-Level Monitoring Wells

• Wells, such as boundary wells, which will be used as permanent
monitoring wells or wells to be sampled for more than three sampling
rounds.

• Wells located in areas where the number of boreholes to be drilled
should be minimized (i.e within the Assembly Building/Parts Plant).

4.7.3.3 Well Materials

If LNAPLs or concentrations at or near the solubility limit are known
to exist, are suspected, or are found during drilling, all well
materials (both casing and screen) installed in the zone of water
table/LNAPL fluctuation will be stainless steel. Stainless steel
materials will extend above and below the highest and lowest levels of
known water table/LNAPL fluctuation. PVC well materials with
compatible threads can be connected to the stainless steel outside of
this zone.

• If DNAPLs or concentrations at or near the solubility limit are known
to exist, are suspected, or are found during drilling, the entire
saturated section of the well will be stainless steel. PVC casing with
compatible threads can be connected to the stainless steel above the
saturated zone.

• If DNAPLs, LNAPLs, and concentrations at or near the solubility limit
are not found or suspected, the well will be completed with threaded
PVC casing and screen.

Continuous wire wrapped screens will be used on conventional wells if
the screened interval is in a highly permeable material such as
gravels, and sands, or the well is designed for product recovery.
Slotted screens will be used if the screened interval is in low
permeability material, such as bedrock, clay, or silt.

4.7.4 Monitoring Well Development

Well development serves to clean the well screen and filter pack so that finer
grained material will not interfere with water quality analyses, and to
improve the hydraulic characteristics of the filter pack and hydrologic unit
adjacent to the well screen. A vented surge block followed by pumping with a
submersible or a hand pump will be used at AFP 4. Development will be
considered complete when the discharge water pumped from the bottom of the
well is free of sand and the turbidity is less than 5 NTUs. A well completion
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diagram will be made that documents the development methods. Detailed
procedures are provided in Appendix Al1.l.

4.8 WELL-LOCATION SURVEY

Well-location surveys will be conducted after the installation of all
monitoring wells and well points. The surveys will include elevation or
"level" surveys to establish the elevation of the monitoring well and well-
point collars (top of riser extending above ground, not the top of the
protective steel casing) and horizontal control surveys to establish
horizontal space coordinates of the wells. Well-collar elevations will be
measured with respect to mean sea level. Horizontal space coordinates will be
measured with respect to existing well coordinates or other survey control.
Standard land surveying practices will be used.

4.9 DECONTAMINATION PROCEDURES

4.9.1 Soil Sampling Equipment

All soil sampling equipment will be decontaminated before sampling. A
decontamination pad will be established with a plastic ground cover, wash

pans, and appropriate cleaning supplies. The following procedure will be used
for decontamination of equipment.

1. All visible contamination will be removed with a steel brush and/or
paper towels.

2. Equipment will be washed with scrub brushes and soapy water (Alconox or

equivalent).

3. Equipment will be rinsed with clean potable water.

4. Equipment will then be rinsed with laboratory-grade methanol.

5. Equipment will then be rinsed with distilled or deionized water.

6. Equipment will be allowed to air dry.

All waste solvents or contaminated water will be contained and properly
disposed of by the on-site group responsible for disposal of hazardous wastes.

4.9.2 Drilling Equipment

All drilling equipment will be cleaned with a high-pressure hot-water washer
or steam cleaner prior to entry on the site. Between borings, equipment will
again be cleaned with hot water or steam. After hot-water or steam cleaning,
all down-hole equipment will be rinsed with methanol, then rinsed with
deionized water, and allowed to air dry prior to re-use of equipment. A
decontamination pad for the cleaning of drilling equipment will be constructed
using plastic sheeting spread over a natural or man-made depression. The
decontamination pad will be designed to ensure that the decontamination fluids
are impounded or containerized for later disposal, based on identification of
contaminants through sampling and analysis of waste materials.
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4.9.3 Groundwater Sampling Equipment

All measurement and sampling equipment contacting groundwater will be cleaned
as the equipment is removed from the well using clean rags or paper towels.
Outer-surface areas will then be cleaned using soapy water, clean potable
water, methanol, and deionized water.

Equipment, such as pumps and tubing that may become contaminated internally,
will be cleaned by circulating soapy water (Alcono laboratory soap or
equivalent) through the system. This will be accomplished by placing the pump
in a bucket of soapy water, followed by a clean-water rinse through the
system, and finally a deionized—water rinse. If the equipment is to be used
for the collection of volatile organics, a small amount of methanol will be
pumped through the system prior to the deionized-water rinse. Discharge water
and solvents will be containerized and stored in steel barrels. Chemical
analyses will be made of the contents of the containers. Those barrels having
hazardous contents will be disposed of by the on-site group responsible for
disposal of hazardous wastes. Certain fluids can be allowed to evaporate and
the residue handled as routine non-hazardous waste.

4.9.4 Soil Gas Sampling Equipment

All soil gas equipment will be flushedwith ultra pure zero air between
samples. Before sampling, expendable probe tips will be rinsed with methanol
and distilled water and allowed to dry for 24 hours. Sampling probes will be
washed with laboratory soap and cleaned on the inside with a brush. This will
be followed by tap water and distilled water rinses. Sample probes used in
areas with hydrocarbon contamination will be rinsed with methanol before the
distilled water rinse and allowed to air dry for a minimum of 24 hours before
use. All sampling probes will be vented with ultra pure zero air before use.

4.10 PALUXY CORE SAMPLING

Analyses of Paluxy aquifer cores for vertical hydraulic conductivity, total
organic carbon content, organic partition coefficient, and distribution
coefficient will be performed by a subcontracted laboratory. Specific

procedures required by the laboratory in handling these samples will be
followed. They will be made available to the USEPA Region VI for review and
concurrence when the subcontract is awarded.

4.11 AIR SAMPLING

One off-site air monitoring station will be placed upwind and one will be
placed downwind of AFP 4. Each station will be equipped with a high-volume
air sampler for detecting suspended particulates and a low-volume, organic air
sampler and activated charcoal tube for detecting organic compounds. A 24-
hour sample will be collected from each sampler at each monitoring station
once every week for a minimum of four months. Detailed procedures are
provided in ASTM Methods 04096-82 and D3686-84 (see Appendix A8).
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5.0 ANALYTICAL PROCEDURES AND PROTOCOLS

5.1 INTRODUCTION

The following section describes the analytical procedures to be used in the
analysis of samples collected at AFP 4. Included are sample identification
requirements, volume requirements, preservation requirements, radioactive
screening requirements, sample—handling and storage requirements, and sample—
analysis methods and detection limits. Copies of the Standard Operating
Procedures (SOPS) used by the subcontracted laboratory for AFP 4 sample
analyses will be attached to this Plan after award of contract. Quality—
assurance and quality—control requirements are briefly discussed below and
also presented in the Quality Assurance Project P7an (Volume III) for AFP 4.

5.2 SAMPLE IDENTIFICATION

Each sample will be assigned a unique identification number that will be

easily identifiable as to the project (AFP4), sample media type (GW, SW, SS,
5G. S1 FP, B, and PC), and location. For example, samples AFP4—GW-139 through
-150 will be assigned to groundwater samples from the new monitoring wells at
Fuel Saturation Area No. 3 (see Table 4-1). Lake Worth sediment samples
collected near the NARF site, which have a potential for being radioactive,
will be assigned a unique identification number containing an R following the
media type (e.g. AFP4-SR-O01).

5.3 SAMPLE REQUIREMENTS

Table 5-1 presents the laboratory requirements for sample containers, sample
volume, preservation, and holding times for each media sampled.

5.4 SAMPLE HANDLING, PACKAGING, AND SHIPPING

All containers used will be pre—cleaned and obtained from an EPA-approved
supplier for Superfund sites (e.g., 1-Chem). Containers will be visually
inspected for integrity and cleanliness prior to use. Suspect containers will
not be used and will be labeled "Do Not Use" or will be discarded.

Sample bottles for liquid inorganic analyses will be filled to approximately
90 percent of capacity to allow for expansion of the contents. Sample bottles
for organic analyses will be filled with minimum headspace. The 40—milliliter
(ml) vials for volatile organic analysis will be filled with no headspace or
bubbles.

Sample preservation will be performed immediately upon collection. For
acidified samples, -pH will be checked prior to shipment to ensure proper
preservation. Ice chests will be used to cool samples during field sampling,
packaging, and shipping. A refrigerator will be obtained for storing samples
that will not be shipped the day of collection. This refrigerator will be
kept in a locked room or at a minimum will have chain-of-custody seals placed
on the door of the refrigerator to ensure sample security.

Those samples that have background- to low-levels of contaminants will be
handled, packaged, and shipped as environmental samples. Those samples that
contain high concentrations of contaminants based on field screening methods
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will be handled, packaged, and shipped according to the regulations issued by
the U.S. Department of Transportation (DOT), 49 CFR Parts 171 through 178, and
EPA sampling, packaging, and shipping methods 40 CFR 260. Lake Worth sediment
samples near the former NARF site will be scanned in the field for alpha,

beta, and gamma activity. Any samples that exceed background levels of
radioactivity will be packaged, labeled, and shipped separately. Any
sample(s) with activities greater than 0.5 millirems/hour will be properly

packaged, labeled, and shipped according to Department of Transportation
regulations in 49 CFR Parts 171 through 178.

All samples will be packaged and shipped in a manner that will protect the
integrity of the sample as well as protect against any detrimental effects

from possible leakage. Packaging and shipping will include placing sample
containers in zip-lock plastic bags, packing samples in vermiculite, and
possibly placing samples in foam socks or equivalent packing material.
Shipping containers will be properly labeled according to DOT guidelines.

Each shipment of samples will be accompanied by a signed Chain of Sample

Custody form (see Figure 6-1) that specifies the analyses required for each
sample and any unique handling requirements based on information obtained in
the field.

5.5 LABORATORY PROCEDURES

5.5.1 Analytical Methods

All procedures will be checked for accuracy through internal laboratory
quality-control checks, such as the running of blind duplicates, splits, and
known standards. These checks are described in the Quality Assurance Project
Plan (Volume III) that accompanies this document for the PA/SI and RI/FS
investigations of AFP 4. The following sections briefly describe the
analytical methods to be used for samples from AFP 4. Complete procedures for
EPA methods are available in the appropriate EPA guidance documents.
Procedures for UNC Geotech methods are available in the UNC Geotech Analytical
Chemistry Laboratory Handbook of Analytical and Sample Preparation Methods and
the UNC Geotech Analytical Chemistry Laboratory Administrative Plan and
Qua lity Control Procedures manuals.

5.5.1.1 Volatile Organic Compounds (Target Compound List)

Volatile organic analyses will be conducted by UNC Geotech. The required
analytical method will be EPA 8240 or 8260 (EPA SW-846, Third Edition), except
that EPA Method 524.2, or EPA Method 8260 with a 25 mL purge, will be used for
samples collected from Paluxy monitoring wells located on the plant perimeter
where Paluxy groundwater flow is in an off-site direction.

5.5.1.2 Semi-Volatile Organic Compounds (Target Compound List)

Semi-volatile organic analyses will be subcontracted to a commercial
laboratory. The required analytical method will be EPA 8270 (EPA SW-846,
Third Edition).

98



3 10.
5.5.1.3 Priority Pollutant List Metals (total and dissolved)

Priority Pollutant List Metals to be analyzed for are antimony, arsenic,

beryllium, cadmium, chromium, copper, lead, nickel, selenium, silver, thallium
and zinc.

For total metals in water analysis, the sample will be digested according to
EPA Methods 3005, 3010, or 3020 (EPA SW-846, Third Edition), as appropriate.
Analysis of the digested samples (total-metals analysis) and filtered samples
(dissolved-metals analysis) will be performed according to UNC Methods As-2

(graphite furnace atomic absorption), As-5 (inductively coupled plasma atomic
emission), or As-6 (inductively coupled plasma mass spectrometer).

For total metals in soil analysis, the samples will be digested according to
UNC Method L-9 using nitric, perchlor-ic, and hydrofluoric acids. Analysis of
digested samples will be performed according to UNC Methods As-2 (graphite
furnace atomic absorption), As-5 (inductively coupled plasma atomic emission),
or As-6 (inductively coupled plasma mass spectrometer).

5.5.1.4 Cyanide

Samples for cyanide will be analyzed using EPA Method 335.2.

5.5.1.5 Inorganics (F, Cl, Cr04, SO4, P04, NO2, NO3) in Water

Anion analyses will be performed on filtered water samples using UNC Method 0-

3 (ion chromatography).

5.5.1.6 Inorganics (cyanide) in Water

Cyanide will be analyzed by EPA Method 335.2.

5.5.1.7 Inorganics (Ca, Fe, Mg, K, Si, Na) in Water

UNC Geotech Method As-5 (inductively coupled plasma atomic emission) will be
used for analysis.

5.5.1.8 Total Petroleum Hydrocarbons

Total petroleum hydrocarbons will be analyzed by UNC Geotech using UNC Method
CC-i (infrared spectroscopy).

5.5.1.9 Oil and Grease

Oil and grease in water will be analyzed by UNC Geotech using EPA Method
413.2. Oil and grease in soil will be analyzed by UNC Method K-7.

5.5.1.10 TCLP

Soil samples will be extracted according to UNC Method L-20. Extracts for
metals analysis will be digested according to EPA SW—846 Methods 3010 and
3020, as appropriate. Analyses of these digested samples will be performed
according to UNC Methods As-2 (graphite furnace atomic absorption), As-S

(inductively coupled plasma atomic emission), or As-6 (inductively coupled
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plasma mass spectrometry). Extracts for VOCs will be analyzed by EPA Method
8240 or 8260. Analysis for semi-VOCs will be subcontracted to a commercial
laboratory. The required analytical method will be EPA 8270 (SW-846).

5.5.1.11 Radioisotopes

Soil samples will be analyzed by UNC Method As-6 (inductively coupled plasma
atomic emission) for total uranium, UNC Method C-1O (alpha spectrometry) for

thorium-230, and gamma spectroscopy scan for radioisotopes including
radium-226, cobalt—60, and cesium—137.

5.5.1.12 Waterborne Petroleum Oils (LNAPL5)

Free-floating product (LNAPL) from monitoring wells will be analyzed by ASTM
Method 03328-78 (reapproved 1982).

5.5.2 Paluxy Core Methods

Analyses of Paluxy core samples will be performed by a subcontracted
laboratory. The following methods, or their equivalents will be used:
vertical hydraulic conductivity (EPA Method 9100), total organic carbon
content (ASTM Method E1131), organic partition coefficient (ASIM Method
E1147), and distribution coefficient (ASIM Method D4646).
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6.0 FIELD QUALITY ASSURANCE AND QUALITY CONTROL

6.1 INTRODUCTION

This section describes the quality-assurance and quality-control measures that
will be instituted for the field sampling and analysis phase of the PA/SI and
RI/FS processes at AFP 4. The objective is to provide systematic control of
all phases of the processes, which includes proper sampling design, sampling
procedures, accuracy, precision, comparability, and completeness.

6.2 SAMPLING PROCEDURES

The basic sampling procedures are described in Section 4.0 of this document.
References to procedures approved by the EPA and/or the U.S. Department of
Energy (DOE) that describe the procedures in more detail are given. Any
deviation from these established procedures will be noted in the field
logbooks with an explanation of the change(s) and what the resulting impact on
data quality might be.

6.3 SAMPLE CONTROL

6.3.1 Sample Identity

To maintain evidence of authenticity, the samples collected must be properly
identified and easily discerned from other like samples. Samples collected
for AFP 4 will be identified by a label attached to the sample container that
will include the sample identification number, date collected, time collected,
and the sampler's name. In addition, a label will be attached to the
container with the same information that will be kept in the evidentiary files
for the project.

6.3.2 Sample Custody

To maintain the integrity of the samples, it will be necessary to demonstrate
that the samples were kept under custody from the time they were collected to
the time they were analyzed. Chain of Sample Custody records (Figure 6—1)
will be used to list all sample possession transfers. This document will show
that the sample was in constant custody between collection and analysis.

While the sample is being shipped, the shipping container will have custody
seals placed over, the container opening to ensure that the integrity of the

samples has not been compromised during shipment. The receiving laboratory
must examine the seals on arrival and document that the seals were intact.
Upon opening the container, the condition of the sample containers will also
be noted (i.e., broken bottles, leaking bottles, broken seal around the lid).

6.3.3 Transportation/Shipment of Samples

All shipments will be made in compliance with DOT regulations governing
shipment of hazardous materials and substances. A copy of the regulations in
49 CFR 171-179 will be made available to field personnel responsible for

marking, labeling, packaging, documenting, and shipping hazardous material,
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lii
substances, and waste. In addition to meeting all DOT requirements, special
care will be taken to ensure the integrity of the sample through proper

packaging and shipping.

To determine the proper identification of a hazardous sample, field personnel
will review field measurement data and the logbooks for relevant information
concerning the sample material in each container. This information will
include such things as radioactivity levels, organic vapors detected, pH,
explosivity determinations, or any other information useful in classifying the
samples for shipment. If a sample is known or suspected to contain a specific
hazardous material, the sampler will note the presence of the material on the
sample label. This information is necessary for the receiving laboratory to

determine proper handling of the sample prior to analysis.

6.4 DOCUMENT CONTROL

6.4.1 Introduction

The preparation, issue, and revision of documents that specify quality
requirements or prescribe activities affecting quality will be controlled to
assure that the correct documents are being used and enforced during the
sampling and analysis phase of the RI/FS process. The following describes the
various documents that will be controlled.

6.4.2 Field Logbooks

Bound logbooks with consecutively numbered pages will be used by field
personnel for each major field task performed (i.e., soil sampling,
groundwater sampling, monitoring-well drilling). The field logbooks will be
used to record the daily activities of the field team, record any field
measurements taken, sketch maps of measurement and sample locations, and note
observations that may indicate the quality of the data. Each page will be
signed and dated by the person making the entries on that page and will also
be signed and dated by a second person who has reviewed the entries for

accuracy and clarity.

Each logbook that is issued will be signed out by the individual responsible
for completion of the logbook. This record will be part of the overall
Document Control Log. When the books are returned, the receiver will sign and
date the return.

6.4.3 Daily Drilling Log

A log will be maintained of each day's drilling activities that contains a
record of footage drilled, materials used, problems encountered, and general
observations. The log will identify each boring by a specific identification
(ID) number and location and will contain the names of drilling personnel and
their employer. These logs will be reviewed by the drilling supervisor for
completeness and accuracy. Figure 6—2 is an example of a daily drilling log
that will be used. Upon completion, these logs will become part of the

project evidentiary file.
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Drilling Report
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Figure 6—2. Daily Drill ing Report Log Form
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6.4.4 Well Completion Log

A well completion log (Figure 6-3) will be completed for each new well drilled

and will include the well ID number, well location, installation description
and completion diagram, development information, and a lithologic log. The
well completion log will be signed and dated by the person entering the
information and will be QA checked by another person for accuracy and clarity.

6.4.5 Instrument Calibration Log

An instrument calibration log will be kept for instruments requiring daily
calibration or operational checks to ensure that the data being obtained are
within established QA limits. Included in the logbook will be the date of
calibration, the type of calibration performed, standards used, and the QA
limits established for each particular instrument. The log will be signed and
dated by the person performing the calibration. Instruments failing the
calibration or operational checks will be adjusted or repaired (if possible)
and rechecked, or will be tagged "DO NOT USE."

6.4.6 Soil Sampling Log

A soil sampling log (Figure 6-4) will be completed for each soil sampling
location (monitoring—well boring, subsurface auger hole, surface sampling
point, trench, etc.). The log will include the sampling location, hole
number, sample number, sampling depth interval, analyses to be conducted, and
comments, if any. The log will be signed and dated by the person recording
the information and will be QA checked for accuracy and clarity.

6.4.7 Groundwater Sample Collection Forms

A groundwater sample collection form will be completed for each sampling
location (Figure 6-5). This form is a fairly comprehensive form that
documents water quality field measurements taken at the time of sampling and
purging. Information recorded includes pump type, purge volumes and rates, and
type of sample bottles, preservatives and filters used.

6.4.8 Chain—of-Custody Forms

A copy of each chain—of—custody form (see Figure 6-1) will be retained in a
file for the project records for traceability in case of sample loss or delays
during shipment. This file will be maintained in the field until completion
of fieldwork and then will become part of the permanent project files after
completion of the project. Copies received by the laboratory will also be
maintained in a project file until completion of the analytical work and will
then be transferred to the permanent project files.

6.4.9 Evidentiary File -

The Project Manager, or designee, will maintain a project file that will
include all pertinent information gathered in the course of fieldwork, such as
permits obtained for access, drilling, or excavation, correspondence relating
to the project, completed forms, completed logbooks, software programs,
training records, accident reports, and other records and files required for
the permanent project file.
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Figure 6—3. Well Completion Log Form
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PROJECr:________________________________ Prepared by:_______________________

mm. dd. yr.
Date: / / Hole no.______________ Location: N__________ E_________

Sample Analysem Depth Commenta
o.

_____to_____ __________________

_________ __________ _____to_____ __________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

__________ ___________ ______to______ ___________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

__________ ___________ ______to______ ___________________

__________ ___________ ______to______ ___________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

_________ ___________ _____to_____ __________________

__________ ___________ ______to______ ___________________

_________ ___________ _____to_____ __________________

__________ ___________ ______to______ ___________________

__________ ___________ ______to_____ ___________________

Page.of_

Figure 6—4. Soil Sample Log Form
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UNCGeotech Documentation of Sample Collection

1. Date__________________ Location_____________________ Site Mo._____________________

2. Measure well-water depth and calculate volume.
Depth to water________________ Depth of well________________ Wall diameter______________
Depth of water_______________ Calculated water volume_____________

3. Pump three to five bore volumes of water from well.

4. Pump type

5. Measure sample temperature: __________ C Time__________ Instrument used_____________________

6. Measurement of conductivity: Time_________ Sample Conductivity
Measurement conditions: In situ ( ) Open container ( ) Air exclusion
Time 01 last calibration check_____________________________________________________________
Temperature of calibration standard 'C
Conductivity reading of calibration standard ixmhos/cm
Sample specific conductance at 25 'C umhos/cm

7. Measure p1-4: Time________ Sample pH________
Measurement conditions: In situ ( ) Open container ( ) Air exclusion
Time of last two-buffer calibration_________________________________
Buffer temperature at calibration C Buffers used__________

8. Measure Eli: Time_________ Sample Eh my
Measurement conditions: In situ ( ) Open container ( ) Air exclusion

Temperature of Zo8ell solution 'C
Eh of Z0BaU solution . mV

9. Measure dissolved oxygen (DO): Time_________ Sample DO mgil
Date and time of last zero check with NaSO3 solution__________

Atmospheric pressure mmHg Altitude ft
Temperature of calibration chamber 'C
DO saturation from table__________
Correction factor__________ Calibration value__________

10. Measure alkalinity: Time________ Total alkalinity ppm as CaCO3
Hach Kit method: Titration caflrtdge____________________________________________
Phenolphthalein alkalinity__________

11. Filter and collect samples:

Number and type of filters used______________________________________________________________

Container Size Container Type No. Collected
Filtered Preservative
Yes No Used

uc io

Figure 6—5. Groundwater Samp'e Coflection Form
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12.

Cite lime
Total Volume

pH @mho.Icm) T. Eh DO Comm.nt
(cal) (bore vol)

0.0 0.0 — — — Start Pumping

Ii II Ii

Siçnature of Sampler

Checked by

Date Signed

Date Checked

Figure 6—5. (continued) groundwater Sample

(Back of Form)
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6.5 LABORATORY QUALITY CONTROL 53 118
6.5.1 Internal Quality Control Checks

For subcontracted analyses, internal quality control will be performed

according to EPA SW-846 (Third Edition). Although the laboratory selected
will have a thorough internal QA/QC system that meets or exceeds the
requirements set forth in EPA SW—846 (Third Edition), the following minimum
requirements will be met.

A reagent blank will be prepared and analyzed to check for
contamination caused by reagent preparation for each analytical run.

A matrix spike sample will be prepared and analyzed on at least 1 sample
per analytical batch of a similar matrix. A "batch" consists of 20 or
fewer samples.

At least 1 duplicate sample analysis will be performed on each batch of
20 or fewer samples of a similar matrix.

For analysis by gas chromatography/mass spectrometry (GC/MS), surrogate
spike analyses will be run on all samples.

For UNC Geotech laboratory analyses, the internal quality control will be as
specified in EPA SW—846 (Third Edition) and the minimum requirements will be
as follows:

ICP Analyses

For analysis by inductively coupled plasma atomic emission spectroscopy,
each instrument will have an initial calibration and a calibration
verification using a calibration standard specified for each instrument.
The calibration standard will be either an EPA Quality Control Solution
or a National Institute of Standards and Technology (NIST)-traceable
control solution. Calibration verification during an analysis run will
be performed after every 10 samples.

An interference check sample analysis will be run for each analytical
run to verify inter—element and background correction factors on a
regular basis for analysis performed using ICP.

Dissolved Metals (waters)

• A portion of 1 sample per analytical batch will be spiked with a known
amount of each analyte and analyzed to check for matrix interferences.
Each "batch" consists of 20 or fewer samples. Spike recoveries will be
between 90 and 110 percent.

-

• One sample for every analytical batch (in which each batch consists of
20 or fewer samples) will be analyzed in duplicate.

• One check sample containing known amounts of each element will be
analyzed for every batch of 20 or fewer samples.

110



53i1,
Metals (total metals——waters)

A portion of 1 digested sample for every batch of 20 or fewer samples

will be spiked with a known amount of each analyte and analyzed to check
for matrix interferences. Spike recovery will be between 90 and 110

percent.

Metals (total metals——soils)

One sample for every batch of 20 or fewer samples will be spiked
according to SW-846. Standard addition will be performed if the spike
recovery is outside the range of 85 to 115 percent.

• One sample for every batch of 20 or fewer samples will be digested and

analyzed in duplicate.

• Known reference materials will be included at a frequency of 1 for
every batch of 20 or fewer samples.

A blank will be carried through the digestion procedures with every
batch.

TCLP (soil extracts)

For every batch of 20 or fewer samples, analyze one matrix spike, one
matrix spike duplicate, and one blank.

Percent recoveries will be according to the analytical method and are
included as Appendix 0 of the QAPP.

• One check sample containing known amounts of each analyte will be
analyzed for every batch of 20 or fewer samples.

Inorganics (waters)

• One sample for every batch of 20 or fewer samples will be analyzed in

duplicate.

• One check sample containing known amounts of each analyte will be
analyzed for every batch of 20 or fewer samples.

A portion of 1 sample for every batch of 20 or fewer samples will be
spiked with known amounts of each analyte. Spike recoveries must be
between 90 and 110 percent, unless the sample result is less than 10
times the reporting limit, in which case spike recoveries must be
between 80 and 120 percent.

Volati les

One sample for every batch of 20 or fewer samples will be analyzed in

duplicate.

One check sample containing known amounts of each analyte will be
analyzed for every batch of 20 or fewer samples.
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A portion of 1 sample for every batch of 20 or fewer samples will be
spiked with known amounts of each analyte. Spike recoveries for each
compound are as specified in EPA Method 8240 and are included in
Appendix D of the QAPP.

Total Petroleum Hydrocarbons

• One sample for every batch of 20 or fewer samples will be analyzed in
duplicate. The duplicates will be within 20 percent of each other if
the analyte concentration is greater than 5 times the reporting limit.

Oil and Grease

• One sample for every batch of 20 or fewer samples will be analyzed in
duplicate. The duplicates will be within 20 percent of each other if
the analyte concentration is greater than 5 times the reporting limit.

Waterborne Petroleum Oil (LNAPL)

One sample for every batch of 20 or fewer samples will be analyzed in

duplicate.

Radioisotopes

One sample for every batch of 20 or fewer samples will be analyzed in

duplicate.

6.5.2 Duplicates

Duplicate samples for both water and soil will be collected and submitted
blind to the laboratory at a rate of 10 percent.

6.5.3 Trip and Field Blanks (Water)

A minimum of two trip blanks and two field blanks will be submitted to the
contracted laboratories for analysis of volatile organics.

6.5.4 Equipment Blanks (Water)

Water equipment blanks will be collected at a rate of 1 per 10 samples for the
purpose of evaluating equipment contamination in the field. The equipment
blanks will be analyzed for the same constituents as the water samples.

6.5.5 Reporting Limits

Table 6—1 presents the reporting limits that will be used for analysis of AFP
4 samples. For volatile and semi-volatile organic compounds, the listed
limits are the Practical Quantitation Limits (PQLs), as listed in the
appropriate EPA methods of SW—846 (Third Edition). Other limits are method
detection limits.
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Table 6-1. Reporting Limits for Laboratory Analyses

Reporting

Analytical Parameter Analytical Method
Limit

Groundwater
(ig/L) (

Soil

ig/Kg)

Volatile Organics EPA Method 8240 or 8260b

(Target Compound List) (SW—846, Third Edition)
except as noted

Acetone 10
a

10

Benzene 5 (1) 5

Bromodichioromethane 5 5

Bromoform 5 5

Bromomethane 10 10

2—Butanone 10 10

Carbon disulfide 5 5
a

Carbon tetrachioride 5 (1) 5

Chlorobenzene 5 5

Chloroethane 10 10

Chloroform 5 5

Chloromethane 10 10

Dibromochioromethane 5 5

1,1—Dichioroethane 5

1,2-Dichioroethane 5 (fla 5

1,1-Dichioroethene 5 5

trans-i,2-Oichloroethene 5. 5

1,2—Dichioropropane 5 5

cis-i,3-Dichloropropene 5 5

trans-i ,3-Dichloropropene 5 5

Ethyl benzene 5 5

2-Hexanone 10 10

Methylene chloride 5 5

4-Methyl-2—pentanone 10 10

Styrene 5

1,1,2,2-Tetrachioroethane 5 5

Tetrachioroethene 5 5

Toluene 5 5

i,i,1—Trichloroethane 5 5

1,1,2-Trichioroethane 5 5

Trichioroethene 5 (1)a 5

Vinyl acetate 10 10

Vinyl chloride 10 (1)a 10

Xylene 5 5

Semi-Volatile Orgariics EPA Method 8270 (.tg/Kg)

(Target Compound List) (SW—846, Third Edition)

Acenaphthene 10 660

Acenaphthylene 10 660
Anthracene 10 660
Benzoic acid 50 1600
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Table 6-1 (continued). Reporting Limits for Laboratory Analyses

Reporting

Analytical Parameter Analytical Method
Limit

Groundwater

(pg/L)

Soil

(pg/Kg)

Semi-Volatile Organics (continued)

Benzo(a)anthracene 10 330

Benzo(b)fluoranthene 10 330

Benzo(k)fluoranthene 10 330

Benzo(gh,i)perylene 10 330

Benzo(a)pyrene 10 330

Benzyl alcohol 10 330

Bis(2-chloroethoxy)methane 10 330

Bis(2—chloroethyl)ether 10 330

Bis(2-chloroisopropyl)ether 10 330

Bis(2-ethylhexyl)phthalate 10 330

4-Bromophenyl phenyl ether 10 330

Butyl benzyl phthalate 10 330

4-Chioroaniline 10 330

2—Chloronaphthalene 10 330

4-Chloro-3—methylphenol 10 330

2-Chlorophenol 10 330

4-Chiorophenyl phenyl ether 10 330

Chrysene 10 330

Dibenz(a,h)anthracene 10 330

Dibenzofuran 10 330

Di—n—butylphthalate 10 330

1,2-Dichlorobenzene 10 330

l,3-Oichlorobenzene 10 330

1,4-Dichlorobenzene 10 330

3,3'-Dichlorobenzidine 20 660

2,4-Dichiorophenol 10 330

Diethylphthalate 10 330

2,4—Dimethyiphenol 10 330

Dirnethylphthalate 10 330

4, 6—Oinitro—2—methylphenol 50 1600

2,4-Dinitrophenol 50 1600

2,4—Dinitrotoluene 10 330

2,6—Dinitrotoluene 10 330

Di-n-octylphthalate 10 330
Fluoranthene 10 330
Fluorene 10 330
Hexachlorobenzene 10 330
Hexachlorobutadiene 10 330

Hexachiorocyclopentadiene 10 330
I-1exachloroethane 10 330

Indeno(1,2,3—cd)pyrene 10 330

Isophorone 10 330

2—Methylnaphthalene 10 330

2—Methyiphenol 10 330
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Table 6-1 (continued). Reporting Limits for Laboratory Analyses

Analytical Parameter Analytical Method

Report
Limi

i ng

t

Groundwater

(.zg/L)

Soil

(ig/Kg)

Semi-Volatile Organics (continued)

4—Methyiphenol 10 330

Naphthalene 10 330
2—Nitroaniline 50 1600

3—Nitroaniline 50 1600

4—Nitroaniline 50 1600

Nitrobenzene 10 330

2-Nitrophenol 10 330
4—Nitrophenol 50 1600

N-Ni troso-di-n-dipropylamine -- --
N—Nitrosodiphenylamine 10 330

Pentachlorophenol 50 3300
Phenanthrene 10 330
Phenol 10 330

Pyrene 10 330

1,2,4—Trichlorobenzene 10 330

2,4,5—Trichiorophenol 50 1600

2,4,6—Trichlorophenol 10 330

Priority Pollutant Metals EPA Method 6010/ ICP FAA
EPA Method 7000 Series (g/L)

Antimony 60
Arsenic 10

Beryllium 5

Cadmium 5

Chromium 10

Copper 25
Lead 5

Nickel 40
Selenium 5

Silver 10
Thallium 10
Zinc 20

TCLP Metals EPA Method 6010/ ICP FAA
EPA Method 7000 Series (ig/L)

Arsenic 10

Barium 2

Cadmium 5
Chromium 10
Lead 5
Selenium
Silver 10
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Table 6—1 (continued). Reporting Limits for Laboratory Analyses

Reporting
Analytical Parameter Analytical Method Limit

Groundwater Soil

TCLP VOCs and Semi-VOCs (See Table 4-2 for list; reporting limits
are same as given under TCL, this table.)

I norgan i Cs

Chloride EPA Method 300.0 0.10 mg/L

Chromium (hexavalent) 10 pg/L
Fluoride 0.10 mg/L
Nitrate 0.10 mg/L
Nitrite 0.10 mg/I

Phosphate 0.10 mg/L
Sulfate 0.10 mg/L

Cyanide EPA Method 335.2 0.02 mg/L

Calcium EPA Method 6010 1.00 mg/L
Iron 0.05 mg/L

Magnesium 1.00 mg/L
Potassium 1.00 mgJL
Silica 1.00 mg/L
Sodium 1.00 mg/L

Total Petroleum EPA Method 419.1 0.10 mg/L 1 mg/Kg

Hydrocarbons

Oil and Grease EPA Method 413.2 0.20 mg/L
UNC Method K-7 5 mg/Kg

Radioisotopes

Total Uranium EPA Method 6010 5 .ig/L

Thorium-230 UNC Method C-b frSpec) C

Radium-226. Gamma Spectroscopy C
Cobalt-60 Gamma Spectroscopy C

Cesium-137 Gamma Spectroscopy C

LNAPLs ASTM Method 0 3328-78 Not established

a .

EPA Method 524.2 or 8260 with a 25 mL purge will be used for samples collect-
ed from Paluxy monitoring wells located on the plant perimeter where Paluxy

flow is in an off—site direction.

CE
Method 8260 meets or exceeds EPA Method 8240 in precision and accuracy.

The detection limits depend on sample types, matrix, and counting time.
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7.0 DATA MANAGEMENT

Data collected from the various field measurement and field sampling
activities will initially be in various forms. Portions of the data will be
handwritten in field logbooks, some will be in the form of instrument data
output, other data will be in laboratory analytical reports, and some data
will automatically be transferred from instrumentation to a computer data
base. A microcomputer data-management system will be used to compile all the
data onto a central data base. Files for each type of data will be created
that will include data type, identification number (if applicable), location
coordinates, and raw data. These files will then be edited as a QA check to
ensure that the data was input correctly.

Programs used to correct or reduce data will be programs that have undergone a
QA verification prior to their use. A hard—copy output of the various
completed data files will be placed in the permanent project files.
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8.0 LOGISTICS AND SCHEDULE

8.1 LOGISTICS

8.1.1 Communication and Coordination

Coordination of the sampling activities with AFP 4 will be the responsibility
of both the Project Manager and the Field Team Leader. The prime contact for
the AFP 4, General Dynamics iS:

Luke 0. 611pm

Facility Engineer
General Dynamics
Facilities Engineering
P.O. Box 748, Ft. Worth, Texas 76101
(817) 777—8203

The Project Manager or Field Team Leader will be responsible for contacting
the appropriate General Dynamics personnel prior to start of fieldwork to
obtain the proper access to all areas, to arrange for escorts if required, to

obtain any permits required, or to arrange for facility support. He/she will
also need to communicate any changes in scheduled activities while fieldwork
is in progress to ensure that fieldwork is not hampered due to logistical
problems.

UNC Geotech will arrange to have a trailer available for use by the field team
during field investigation activities. The trailer will have a chest freezer
and refrigerator for use in sample preparation/storage, telephone, and storage
area for hazardous materials (such as acid used for sample preservation).
Electrical hookups and access to shower(s) will be provided by General
Dynamics. To maintain a chain-of-custody, the trailer will be locked at all
times when not occupied by UNC Geotech personnel.

Sampling personnel are not to discuss or provide information on the sampling
activities to the public or news media. Any communication outside the AFP 4
will be directed to the Project Manager or the appropriate Air Force (ASO)
personnel.

8.1.2 Equipment, Supplies, and Transportation

All field equipment (e.g. sampling equipment, forms, and logs, drilling
equipment) will be supplied by UNC and their subcontractors. Sampling
equipment and supplies will be shipped to the facility as neetled and will be
stored in the trailer. Vehicles used on the facility will be obtained from a
rental agency. A refrigerator will be required for sample storage prior to
shipment. A chest-type freezer will be required for freezing of Blue Ice, or
equivalent. Arrangements will be made to obtain these items locally.

Facilities or containers will be required for storage and disposal of small
quantities of potentially hazardous waste generated during the sampling
program. Arrangements will be made with General Dynamics for disposal of
these wastes. Arrangements will also be made for a decontamination pad area
for the washing of contaminated drilling equipment, if deemed necessary.
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8.1.3 Field Personnel

Field personnel will be in the field on a 10—day-on, 4-day-off schedule, with
a variable number of people depending on the specific task and expertise
required. All personnel will be properly trained for the task assigned. The
Project Manager will maintain documentation of personnel qualifications and

training.

8.1.4 Laboratory Assicinments

Personnel responsible for shipping samples will ship samples according to the
required analyses to either the UNC Analytical Chemistry Laboratory in Grand
Junction, Colorado, or the subcontractor laboratory (subcontractor information
will be supplied when available). The mailing address of the UNC laboratory
iS:

UNC Geotech
2597 B3/4 Road
Grand Junction, CO 81501
Attn.: Ersel Reid

8.1.5 Sample Shipments

Due to the short holding times associated with many of the samples, shipments
will be made on a daily basis, when possible, using an overnight or priority-
mail delivery service.

8.2 SCHEDULE OF FIELD ACTIVITIES

The following is the proposed schedule for the completion of field activities
at AFP 4 in support of the RI/FS. This schedule is based on the timely review
and approval of the RI/FS planning documents for AFP 4.

Task Proposed Schedule

PA/SI Investigations:

Land surveying June 4 - 13, 1990

Utility Location June 11 — 15, 1990
Soil Gas Surveying June 18 - 27 and

July 9 - 18, 1990
Soil borings and September 10 - 19, 1990

Soil Sampling September 24 - October 3, 1990

RI/FS Investigations:

Surf ace water, seep, September 10 - 19, 1990
stream sediment, and
stream channel sampling

Lake water, lake sediment September 24 - October 3, 1990
and biota sampling

Air Monitoring September through November, 1990
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Task (cont) Proposed Schedule (cont)

Monitoring well drilling, September 24 - October 3, 1990
soil borings and soil October 8 - 17, 1990

sampling, groundwater October 22 - 31, 1990

sampling, surveying

Groundwater sampling October 22 - 31, 1990
(new wells - 2nd round), November 5 - 14, 1990
aquifer tests November 19 — 28, 1990

Continuous water —level September, 1990 — January, 1991

monitoring (Paluxy aquifer)
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9.0 HEALTH AND SAFETY

The Health and Safety P7an (Volume IV) that accompanies this plan will be
enforced for field work at the AFP 4 site. The Health and Safety Plan is a
comprehensive plan that describes the health and safety responsibilities of
UNC Geotech personnel, defines the procedures to be used, establishes
protective equipment requirements, describes potential contaminants and their
exposure limits, describes plans for emergency response, and provides guidance
for spill cleanup and abatement.

To ensure that field personnel understand the health and safety requirements
and are aware of the potential health and safety hazards for each site, the
Field Manager will conduct a daily health and safety briefing.

All personnel will have received the 40—Hour Hazardous Waste Site Safety
Training Course from a certified agency or agent.
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lLO ACRONYMS

ACRONYM MEANING

AFB Air Force Base
AFP 4 Air Force Plant No. 4
ARAR Applicable or relevant and appropriate requirement
ASD Aeronautics Systems Division
BIEX Benzene, toluene, ethylbenzene, xylene
CERCLA Comprehensive Environmental Response, Compensation,

and Liability Act
DCA Dichioroethane
DCB Dichlorobenzene
DCE Dichioroethylene
DQO Data quality objective
EPA U.S. Environmental Protection Agency
FOTA Fire Department training area
FID Flame ionization detector
FS Feasibility Study
FSA Fuel saturation area
GC Gas chromatograph
GD General Dynamics
GOCO Government-owned, contractor-operated
gpd/ft gallons per day per foot
gpm gallons per minute
HARM Hazard assessment rating methodology
IRP Installation Restoration Program
MEK Methyl ethyl ketone
mg/kg milligrams per kilogram
mg/L milligrams per liter
ml milliliter
MS Mass Spectrometer
msl mean sea level
NARF Nuclear Aerospace Research Facility
NCP National Contingency Plan
NIOSH National Institute for Occupational Safety and

Health
NPDES Natiorp Pollution Discharge Elimination System
NPL National priorities list
OSHA. Occupational Safety and Health Administration
OVA Organic vapor analyzer
PCB Polychlorinated biphenyls
PCE Tetrachloroethylene
PlO Photoionization detector
ppm parts per million
PQL Practical quantitation limits
PRP Potentially responsible party
QA Quality assurance
QAPP Quality Assurance Project Plan
QC Quality control
RI Remedial investigation
ROD Record of decision
SARA Superfund Amendments and Reauthorization Act
SCBA Self-contained breathing apparatus
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SDWS Secondary drinking water standards
SCS Soil Conservation Service
TCA Trichloroethane
ICE Trichioroethylene
TCLP Toxicity Characteristic Leaching Procedure
TOC Total organic carbon
TPFf Total petroleum hydrocarbons
TRC Technical Review Committee
TTLC Total threshold limit concentration

micrograms per gram
rig/kg micrograms per kilogram

micrograms per liter
UNC UNC Geotech
USAF United States Air Force
USDA United States Department of Agriculture
VOC Volatile organic compound
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SURFACE SOIL SAMPLING

rNTR0DUCT ION

To maintain a consistent sample volume and to have greater depth control, a
hand—operated stainless steel barrel auger will be used to collect surface or
shallow subsurface soil samples. Surface—soil samples will generally he
procured from depths of 0—6 inches and 0—12 inches. Although scoops and
spoons can also be used for surface soil sampling, better sample control is
achieved by using the barrel auger.

REFERENCE DOCUMENT

ASTM D1452-80, Soil Investigation and Sampling by Auger Borings.

SIGNIFICANCE AND USE

Samples of a relatively uniform depth and volume will be obtained for the
determination of the presence or absence of chemical contamination in the
near-surface soil environment. The sampling equipment and procedures are
designed to minimize the potential for cross—contamination between samples.
The level of data quality specified in the project Quality Assurance Project
Plan (QAPP), Volume III, will be achieved with the use of this sampling
procedure.

APPARATUS

The barrel auger to be used consists of stainless steel, 3—inch diameter auger
tube with cutting lips hardened and sharpened to penetrate the soil. Attached
to the upper end of the auger barrel is a threaded stainless steel extension
rod to which a T-handle is attached. The auger assembly is rotated by hand in
a clockwise direction.

PROCEDURE

1. Clear immediate sampling area of debris or litter.

2. Begin augering to the desired sampling depth, generally 6 or 12 inches.

3. When the desired depth is reached, remove the auger. If a sample for
volatile organic analysis is requested, remove the material immediately
using a stainless steel spoon and place in the appropriate glass
container "as—is," leaving minimal headspace. The remainder of the
material in the barrel will be placed in a precleaned stainless steel or
aluminum mixing pan. A photolonization detector will be used to scan the
sample for sections with higher VOCs. Samples collected near the NARF
area will also be scanned with alpha and beta—gamma radiation detectors
to determine personnel protection and DOT shipping requirement needs. If

a discrete section of the sample shows evidence of contamination, this
section will be sampled without mixing the entire auger sample. The
material will be thoroughly mixed prior to bottling in the appropriate
containers as specified in the project Sampling and .4nalysis Plan. The
sample material will be transferred from the pan to the bottles using a
stainless steel spoon.
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4. With a clean paper towel clean the outside threads of the bottle prior to
placing the lid on the bottle, since dirty threads often result in a poor
seal. \ tight seal is essential to prevent escape of the sample.

5. Wrap a seal of parafilm tape around the bottle and lid to secure the lid.

6. Measure the actual sampling depth using a steel measuring tape and record
on the soil sample log sheet and the individual bottle labels.

7. Record the sampling time, date, samplers name, sample ID number, and
requested analytical parameters on the sample bottles and sample log
sheet. On the sample log sheet, note any unusual characteristics
observed such as color, texture, or odor.

8. Prepare and store samples as specified in the Sampling and Analysis Plan
(Volume II)

9. Decontaminate all sampling equipment that came in contact with
contamination, as specified in the procedures for
decontamination in Section A13 of this appendix.
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SUBSURFACE SOIL SAMPLING

I NTRODUCT I ON

This method describes the procedures that will be used to obtain
representative subsurface soil samples which are to be analyzed for specific
chemical analyses. The method to be used for subsurface soil sampling at
APP 4 is split—barrel soil sampling using hollow—stem augers.

REFERENCE DOCUMENT

ASTM 01586, Penetration Test and Split-Barrel Sampling of Soils.

SIGNIFICANCE AND USE

The primary focus of the field investigation when utilizing this method will
be to obtain discrete soil samples for analytical determination of in situ
chemical contamination and to ensure that the samples are free from cross
contamination. The samples will be obtained in a manner consistent with the
APP 4 Health ad Safety Plan (Volume IV) and Sampling and Analysis Plan
(Volume II). The sampling procedure will provide the proper level of data as
outlined in the Data Quality Objectives (Section 3.0 this plan).

The second focus of the subsurface soils investigation using the split-barrel
method is to provide subsurface lithologic information to supplement other
geotechnical studies.

APPARATUS

The split-barrel sampler will have a 3—inch O.D., 2.5-inch I.D., and 24-inch
length. The barrel will be constructed of stainless steel. Since the
standard size used for the ASTM D1586—84 method for penetration testing is 2-
inch 0.0., the blow count data will be recorded but calculations will not he
made. The larger split barrel sampler will be used to ensure sufficient
sample material is available for the various chemical analyses required.

A truck-mounted, hollow-stem auger drill rig will be employed to complete
the subsurface soil sampling at AFP 4. The auger rig will be equipped with
a 140-pound drop hammer having a 30—inch drop or an equivalent hydraulic
driver.

DRILLING PROCEDURE

1. All equipment will be decontaminated according to the procedures
specified in Section A8.0 of this appendix prior to commencing work.

2. Spread a minimum 6-mu plastic sheet over the borehole location of
sufficient size to contain the anticipated volume of drill cuttings.

3. With the truck-mounted auger rig centered over the pre—determined boring
location, place the split—barrel sampler on the ground surface and allow
the drop hammer to drive the sampler to the desired depth. If samples
are to be collected only at discrete intervals, the hollow-stem auger
will be used to auger to the top of the interval to be sampled. The

A2. 1 - 1



53 139

sampler will be lowered to the top of the interval to be sampled and the
sampler will then be driven for the full length of the sampler or until
no further penetration is achieved after 50 blows for each 6 inches of
penetration.

4. Once the sampler is filled, carefully remove the sampler from the
borehole and separate from the drive-rod assembly. Using a clean plastic
sheet laid on a flat surface, remove the drive head and shoe. This will
allow one—half of the split—barrel to be removed, exposing the sample.

5. If the material in the sampler is to be collected for volatile organic
analysis, immediately scan the material with a photoionization
detector. Upon selection of the zone to be sampled, fill the
appropriate container, as soon as possible to avoid substantial loss
of volatiles, using a stainless steel spoon. With minimal headspace
and with the bottle thread wiped clean, tighten the lid and prepare
and store the sample as specified in Section 5.4 of the AFP 4 Sampling
and Analysis Plan (Volume II).

6. Visually scan the material in the sampler and note on the lithologic log
a description of the material including color, odor, texture, particle
sizes, moisture condition and, if present, visual evidence of
contamination.

7. Discard the top "slough" portion of the sample in an appropriate
container. Screen the sample with a photoionization detector to
determine the presence of volatile organic compounds. A sample to be
analyzed for volatile organic compounds will be removed immediately,
directly from the sampling barrel. Transfer remaining sample material
from the split—barrel using a stainless steel spatula or spoon to a
precleaned stainless steel or aluminum mixing pan. Thoroughly mix the
sample material and place into the appropriate containers. If a discrete
section of the sample shows evidence of significant contamination, this
section will be sampled without mixing the entire sample. Prepare and
store as specified in Section 5.4 of the Sampling and Analysis Plan.

8. Record the depth, time collected, date collected, sampler's name, sample
ID number, boring or well ID, and required analyses on the sample labels
and soil sample log sheet.

9. Barrel remaining drill cuttings and label the barrel with the boring ID
number, range of depths of the cuttings within the barrel, and date.

10. Decontaminate all drilling and sampling equipment that contacts the
potentially contaminated soils as specified in Section A13 of this
appendix.

.
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ASTM PROCEDURES USED FOR SPLIT BARREL SAMPLING

The ASTM Standard Method for Penetration Test and Split-Barrel Sampling will
be followed to collect split barrel samples from boreholes using drill rigs.
These procedures will not be reproduced in this Appendix due to copyright
laws. A working copy will be available in the field for use as a reference.

D—1586 - 84 Standard Method for
PENETRATION TEST AND SPLIT-BARREL SAMPLING of
SOILS
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ASTM PROCEDURE USED FOR DIAMOND CORE DRILLING

The ASTM Standard Practice for Diamond Core Drilling for Site Investigation
will be used at Air Force Plant 4 to collect core samples while drilling
monitor wells into the Paluxy aquifer. This procedure will not be reproduced
in this Appendix due to copyright laws. A working copy will be available in
the field for use as a reference.

U 2113-83 Standard Practice for
Diamond Core Drilling for Site Investigation
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STANDARD PRACTICE FOR SAMPLING OF SLUDGES AND SEDIMENTS

1. SCOPE

1.1 This practice covers the sampling of sludges and sediments. Sludge
is defined as semi-dry material ranging from dewatered solids to high—viscosity
liquids. Sediments are the deposited materials underlying a body of water.
When sediments are exposed by evaporation, stream rerouting or other means of
water loss, they can be collected by soil— or sludge-collection methods.

2. REFERENCED DOCUMENTS

2.1 U.S. Department of Energy, Environmental Survey Manual: Volume 4,
Field Sampling Protocols and Guidance, , USOOE Office of Environmental Audit,

Washington, DC, 20585, DOE/EH—0053, August 1987.

2.2 U.S.Environmental Protection Agency, Characterization of Nazardous
Waste Sites-—A Method Manual: Volume II. Available Sampling Methods, USEPA
Environmental Monitoring Systems Laboratory, P.O. Box 15027, Las Vegas, Nevada
89114-5027, EPA-600/4-83—040, September 1983.

3. SIGNIFICANCE AND USE

3.1 Sludges can often be sampled with a stainless-steel scoop or trier.
Frequently sludges form as high—density components within the liquid settle.
In this instance, the sludge may still have a liquid layer above it. When the

liquid layer is sufficiently shallow, the sludge may be collected using a
scoop or a thin-tube sampler. The thin—tube sample is preferable since it
results in less sample disturbance and also collects an aliquot of the
overlying liquid, thus preventing drying or excessive sample oxidation before
analysis. Sludges that develop in 55-gal drums can usually be collected by
employing the glass tubes used for the liquid portion sample as a thin-tube
sampler. The frictional fQrces which hold the sludge in the tube can be
supplemented by maintaining a seal above the tube. When the overlying layer
is deep, a small gravity corer such as those used in limnological studies will
be useful. Gravity corers, such as Phiegers, are easier to preclean and
decontaminate than piston-type corers.

If the sludge is shallow (less than 30 cm) corer penetration may damage
the container liner or bottom. In this instance, a Ponar grab may be more
applicable.

3.2 Sediment can be collected in much the same manner as sludge; however,
a number of additional factors may warrant consideration. Streams, lakes, and
impoundments, f or instance, will probably exhibit significant variations in
sediment composition with respect to distance from inflows, discharges, or
other disturbances. It is important to document exact sampling locations by
triangulation with stable references on the banks of the stream or lake. In

addition, the presence of rocks, debris, and organic material may complicate
sampling and preclude the use of or require the modification of some devices.
Conduct sediment sampling to reflect these and other variants.

Collect and composite sample aliquots as described or soils. Generally,
at least three composite samples should be collected from a location. Large
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areas can be divided into grids and multiple samples can be collected and

composited. Sample size will depend on the types of analyses required.

4. HAZARD ANALYSIS

4.1 No hazards requiring controls have been identified. Site-specific
controls may be found in the Health and Safety Plan for a particular project.

5. PROCEDURE

5.1 Scoop - Sludge and sediment samples can be collected using a
stainless steel scoop. This method is more applicable to sludges, but it can
be used for sediments provided the water depth is very shallow (a few
centimeters). Note, however, that this method can disrupt the water-sediment
interface and might cause substantial alterations in sample integrity if
extreme care is not exercised.

5.1.1 Sketch the sample area or note recognizable features for future
reference.

5.1.2 Insert scoop into material and remove sample. For sludges exposed
to air, it may be desirable to remove the first 1 to 2 cm of the material

prior to collecting sample.
5.1.3 If compositing a series of aliquots, use a disposable aluminum,

stainless steel, or Teflon (preferred) tray for mixing.
5.1.4 Transfer sample into an appropriate sample bottle with a stainless

steel lab spoon.
5.1.5 Check that the Teflon liner is present in cap if one is required.

Secure the cap tightly. Solids are preserved by refrigeration and
subjected to a minimal holding time.

5.1.6 Label the sample container with the appropriate sample label. Be
sure to fill out all sample information on the label carefully and clearly,

addressing all the categories or parameters. Complete all chain-of-custody
documents and record in the field logbook. Record depth to sediment and any
other pertinent sample information.

5.1.7 Decontaminate sampling equipment after use and between sample
locations.

5.2 Hand Corer — This device consists of a stainless steel core barrel
(with optional liners), a nosepiece, and an 'eggshell' core catcher. It has
a handle to facilitate driving the corer and a check valve on top to prevent
washout during retrieval through an overlying water layer.

The hand corer is applicable to the same situations as the scoop described
in Section 5.1. It has the advantage of collecting a relatively undisturbed
sample which can profile the stratification in the sample as a result in
changes in the deposition.

Some hand corers can be fitted with extension handles that permit
collection of samples underlying a shallow layer of liquid. Most corers can
also be adapted to hold liners generally available in brass, polycarbonate
plastic, or Teflon. Be careful to choose a material that will not compromise
the analytical results.

5.2.1 Select sampling location and inspect the corer for proper
precleaning.

5.2.2 Force corer into media with a smooth continuous motion.
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5.2.3 Twist corer and withdraw in a smooth motion.
5.2.4 Remove nosepiece and slide sample into a disposable aluminum,

stainless steel, or Teflon (preferred) tray.
5.2.5 Transfer sample into an appropriate sample bottle with a stainless

steel lab spoon or equivalent.
5.2.6 Check that the Teflon liner is present in cap if one is required.

Secure the cap tightly. Solids are preserved by refrigeration and subjected
to a minimal holding time.

5.2.7 Label the sample container with the appropriate sample label. Be
sure to fill out all sample information on the label carefully and clearly,
addressing all the categories or parameters. Complete all chain—of-custody
documents and record in the field logbook. Record depth to sediment, core
sample length, and core texture.

5.2.8 Decontaminate sampling equipment after use and between sample
locations.

5.3 Gravity Corer — A gravity corer is a metal tube with a replacement
tapered nosepiece on the bottom and a ball or other type of check valve on
the top. The check valve allows water to pass through the corer on descent
but prevents a washout during recovery. The tapered nosepiece facilitates
cutting and reduces core disturbance during recovery. Most corers are
constructed of brass or steel and may accept plastic liners and additional

weights.
Corers are capable of collection samples of most sludges and sediments.

They collect essentially undisturbed samples which represent the strata
profile that may develop in sediments and sludges during variations in the
depositional process. Depending of the density of the substrate and the
weight of the corer, penetration to depth of 75 cm (30 in.) can be attained.

Exercise care when using gravity corers in vessels or lagoons that have
liners because penetration depths could exceed that of the substrate and
result in damage to the liner material.

5.3.1 Attach a precleaned corer to the required length of sample line.
Solid braided 5-mm (3/16-in.) nylon line is sufficient; however, 20-mm (3/4-
in.) nylon is easier to grasp during hand hoisting. An additional weight can
be attached to the outside of the corer if necessary.

5.3.2 Secure the free end of the line to a fixed support to prevent
accidental loss of the corer.

5.3.3 Allow corer to free fall through the liquid to the bottom.
5.3.4 Retrieve corer with a smooth, continuous, up-lifting motion. Do

not bump corer as this may result in some sample loss.
5.3.5 Remove nosepiece from the corer and slide sample out sample into a

disposable aluminum, stainless steel, or Teflon (preferred) tray.
5.3.6 Transfer sample into an appropriate sample bottle with a stainless

steel lab spoon or equivalent.
5.3.7 Label the sample container with the appropriate sample label. Be

sure to fill out all sample information on the label carefully and clearly,

addressing all the categories or parameters. Complete all chain—of—custody
documents and record in the field logbook. Record depth to sediment, core
sample length, and core texture.

5.3.8 Decontaminate sampling equipment after use and between sample
locations.

5.4 Ponar Grab - The Ponar grab is a clamshell-type scoop activated by a
counterlever system. The shell is opened, latched into place, and slowly
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lowered to the bottom. When tension is released on the lowering cable, the
latch releases and the lifting action of the cable on the lever system closes
the clamshell.

Ponars are capable of sampling most types of sludges and sediments from
silts to granular materials. They are available in a 'Petite' version with a
232crn2 sample area that is light enough to be operated without a winch or
crane. Penetration depths will usually not exceed several centimeters. Grab
samplers, unlike corers, are not capable of collecting undisturbed sample. As
a result, material in the first few centimeter of sludge cannot be separated
from that at lower depths. The sampling action of these devices causes
agitation current which may temporarily resuspend some settled solids. This
disturbance can be minimized by slowly lowering the sampler the last half
meter to allow gentle contact with the bottom. It is advisable, however, to
collect sludge or sediment samples only after all overlying water samples have
been collected.

5.4.1 Attach a precleaned Ponar to the necessary length of sample line.
Solid braided 5-mm (3/16-in.) nylon line is usually of sufficient strength;
however, 20—mm (3/4—in.) nylon permits easier hand hoisting.

5.4.2 Measure and mark the distance to bottom on the sampling line. A
proximity mark, 1 meter shallower, will provide an indication of when the
lowering rate should be reduced to prevent unnecessary bottom disturbance.

5.4.3 Open sampler jaws untfl latched. From this point on, support the
sampler by its lift line or the sampler will be tripped and the jaws will
close.

5.4.4 Tie the free end of the sample line to a permanent fixture to
prevent accidental loss of sampler.

5.4.5 Begin lowering the sampler until the proximity mark is reached.
5.4.6 Decrease the rate of descent for the last meter until contact is

felt.

5.4.7 Allow several centimeters of slack in the sample line to release
the latch. In strong currents more slack may be necessary to release the
mechanism.

5.4.8 Slowly raise the dredge clear of the water surface.
5.4.9 Place Ponar into a disposable aluminum, stainless steel or Teflon

(preferred) tray and open. Lift Ponar clear of the tray.
5.4.10 Collect a suitable aliquot with a stainless steel lab spoon or

equivalent and place sample into the appropriate sample bottle.
5.4.11 Label the sample container with the appropriate sample label. Be

sure to fill out all sample information on the label carefully and clearly,
addressing all the categories or parameters. Complete all chain-of-custody
documents and record in the field logbook.

6. PRECISION AND BIAS

6.1 Precision - This practice is not for included tests and analyses.
Not applicable.

5.2 Bias - This practice is not for included tests and analysis. Not
applicable.
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SAMPLING OF RADIOACTIVE SEDIMENTS

INTRODUCTION

Soil or lake sediments contaminated with radloisotopes may be found in the
north area of Air Force Plant 4. The NARF area, adjacent to Lake Worth, was
once an experimental nuclear reactor test area. Tests were conducted between
1953 and 1974 on the feasibility of powering aircraft with nuclear reactors.
This site was decommissioned in 1974, with over 2 million pounds of parts and
15 million pounds of rubble removed. Post closure studies indicate no
radionuclides over the background level remain.

To prevent possible personnel exposure, sampling done near the NARF area, such
as the sediment sampling in Lake Worth, will be done with the assistance of a
technician from the Geotech Occupational Health and Safety Section (OH&S).
The technician will be responsible for determining the activity level of the
sample and what personal protective equipment is necessary.

Any subcontractor personnel involved with the sampling operation will be
required to have radiation training as part of the OSHA site training.

SAMPLING METHOD

1. Samples from Lake Worth will be taken from the lake bottom, using a tube
sampler equipped with an eggshell catcher. The sampling crew will work off
of a pontoon or other stable work boat. U.S. Coast Guard regulations will
be followed to ensure worker safety.

2. The outside of the sampler will be scanned for both beta—gamma and alpha
radiation upon sampler retrieval.

3. The sampler will be opened and the actual sample material will be scanned
for radiation.

4. If no radioactive activity is detected sampling activities will proceed
through container filling, labeling, and decontamination.

5. If radiation levels above background (100 cpm on the detectors specified
below) are detected the sample material will be closely scanned to
determine if the dose rate is less than 0.5 mrem/hr. Samples with
radiation levels between background and 0.5 mrem/hr will be separated,
labeled and shipped in a separate container. Any sample(s) with activity
greater than 0.5 mrem/hr will be further separated, packaged, labeled, and
shipped according to DOT regulations in 49 CFR Parts 171 through 178.

6. Samples may only be shipped without radioactive labeling if the activity is
less than 0.5 mrem/hr on contact or if the concentration is estimated to be
less than 2000 pCi/gm. The OH&S technician shall be responsible for
determining dose rates or activity levels.
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APPARATUS

Beta—Gamma Survey Instrument

* Ludlam Model 12 with Ludlam 43-9 Detector (Appendix Section 5.lb,p.1)

A Radioactive Check Source

Alpha Detector

Ludlam Model 12 with Ludlam 43—5 Detector (Appendix Section 5.lb, p.3)

• Radioactive Check Source

PROCEDURE

The Occupational Health and Safety technician is responsible for calibration
and operation of radiation detection equipment. Only equipment with valid
calibration stickers will be used. Equipment must respond properly to
operational checks before use.

1. Identify the area(s) to be surveyed, determine what type of survey is to be
performed and what type of instruments will be needed.

2. If possible, determine the approximate radiological conditions, (dose
rates, airborne concentrations, contamination levels) based on similar
conditions and previous surveys.

3. Obtain protective equipment and clothing as necessary for the anticipated
radiological conditions.

4. When entering an unknown radiation field, enter the area with the
instrument on the highest scale, switching down scale as necessary to
obtain a near mid—scale reading.

5. The survey should be conducted so as to adequately identify the general
area and specific work area radiation levels. Highly radioactive spots
should be identified. Surveys should be conducted so as to -limit any
unnecessary dose to the surveyor.

6. Periodic open—window readings should be taken to evaluate the beta
radiation component. When taking open window readings, care should be
taken to avoid puncturing the instrument window.

7. When surveying for field readings, take care to avoid attenuating the
radiation field with the body of the surveyor.

8. If at any time during the survey the instrument appears to be
malfunctioning, leave the area at once. Sudden and extreme changes in
local radiation fields can cause the instrument to apparently malfunction
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when in fact the dose rates may well exceed the upper limit of the device.

9. General area readings should be taken at approximately 3 feet (waist
height) above the ground. Work area readings should be taken at actual
worker locations and positions.

10. To scan surfaces for activity, slowly move the beta-gamma detector over the
surface at a distance not to exceed 1/2 inch, but not in direct contact.
In the case of alpha surveys, the probe should not exceed a distance from
the surface of 1/4 inch but not in direct contact.

11. Equipment, material, and personnel must be surveyed each time they leave a
radiation area.

12. Any item inside a contaminated area must be surveyed prior to being
released off site.

All radiation levels will be noted by the OH&S technician. No samples will be
shipped if the outside of the container has removable contamination.

A5. la—3
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Operation of Ludlum Model 12
Count Rate Meter and Pancake

GM Beta/Gamma Detector

This procedure describes the operation of the
Ludlum Model 12 Count Rate Meter and the
Pancake GM Detector, both of which are used
to measure beta/gamma contamination on
equipment and personneL

Methods for conducting contamination
surveys are described in Procedures 3.17 and
3.22 of this manuaL

• UNC ES&H Policy Manual, Chapter 3

• Ludlum Model 12 Count Rate Meter
Instruction Manual

• ANSI N323-1978, Radiation Protection
Instrumentation Test and Calibration

Equipment and
Material

Procedure

Operational Check
1. Check that the instrument has a calibration

sticker attached and that the nstrument-
calibration interval is valid. The instrument-
calibration interval is a period of 6 months
following the date of calibration. Record the
calibration due date on the appropriate data
sheet. If the instrument-calibration interval is
invalid, tag instrument DO NOT USE. Record
the name, date, and reason for the tag. Return
the instrument for calibration.

2. Clean the instrument and inspect it for any
physical damage. Particular attention should
be paid to the HV cable which connects the
detector with the count rate meter. Check the
mylar face of the detector. Inspect the face for
holes and/or contamination. Replace the
cable if necessary.

3. Turn on the instrument by moving the range
switch from the OFF position to BAT position.
Verify that the rate meter indicates above the
BAT TEST line. Check the BAT OK space on
the appropriate data sheet. If the instrument
does not have sufficient battery power,
replace the batteries and repeat step 3.

Background and Response
Check
1. Move the rate-meter range switch to "Xl."

Move the response switch to "S." Place the
detector faceup. After approximately 30
seconds, note the background count rate.

References

• Ludlum Model 12 Count Rate Meter

• Pancake GM Beta/Gamma Detector

• Appropriate Radioactive Check Source

• Instrument Log/Prisldng Log

11/14/88 A5.lb-1
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Record therate-meterreading on the BACK-
GROUND space on the appropriate data sheet.
If needed, clean the Mylar face and repeat the
background check If the background count
rate is high after deanin& then the back-
ground check is rejected. The GM probe can
be replaced with another that has a valid cali-
bration sticker, unless it is marked for use with
one instrument only. If the instrument still
does not respond properly, reject it. If rejected,
tag the instrument DO NOT USE. Record the
name, date, and reason for the tag. Return the
instrument for repair and calibration. -

2. Place the detector on top of the appropriate
radioactive source. Adjust the RANGE switch,
if necessary. Allow 30 seconds for the rate
meter to stabilize. Record the rate-meter read-
ing on the SOURCE COUNT RATE space of
the appropriate data sheet.

3. Record the following information concerning
the radioactive source on the applicable spaces
of the appropriate data sheets:

• Radioactive Source ID Number

• Isotope

• Activity (disintegrations per minute)

• Acceptance Criteria (± 20 percent of source
activity)

4. Record the instrument calibration factor on
the appropriate data sheet The calibration
factor relates the indicated count rate (cpm)
to actual disintegrations perminute (dpm).

5. To determine the calibration factor on an
instrument, perform the background check.
Then place the detector on the appropriate
source and record the reading after 30 seconds.
Subtract the background count rate (B cpm)
from the source count rate (S cpm). Record
this net value (N cpm). Divide N cpm by the
activity of the source (D pm) and record on
the instrument.

6. Determine the net count rate (N cpm) by
subtracting the background count rate

(B cpm) from the source count rate (S cprn):

N cpm = S cpm—B cpm

7. Multiply the net count rate by the calibration
factor (dpm/cpm). Record the result on the
OBSERVED ACTIVITY space of the
appropriate data sheet.

8. Compare the observed-activity value with the
acceptance-criteria values. The source check is
accepted if the observed-activity values lie
somewhere between the acceptance-criteria
values. If the source check is unacceptable. tag
the instrument DO NOT USE. The GM probe
can be replaced with another that has a valid
calibration sticker, unless it is marked for use
with one instrument only. If the instrument
still does not respond properly, reject it.
Record the name, date, and reason for the tag.
Return the instrument for repair and calibra-
tion.

Operational Use
1. Move the rate-meter AU!) switch to the ON

position.
2. Move the response switch to "S."
3. Pass the detector slowly k5cm/sec) over the

surface to be surveyed. Keep the detector face
within 1 cm of the surface.

4. If surface activity is detected (indicated by
speaker response), keep the detector station-
ary over the area of contamination. Allow 30
seconds for the count rate to stabilize. Record
the instrument count rate.

5. Repeat steps 2 through 4 for all locations to be
surveyed.

General
Notes

Operational, background, and response
checks for an instrument need to be performed
once per day. Record data in the instrument log
or frisking log.

A5. th-2
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Operation of Ludlum Model 12
Count Rate Meter and Ludlum

Model 43-5 Alpha Detector

Thisprocedure describes the operation of the • Ludluin Mode! 43-5 Alpha Detector
Ludlum Model 12 Count Rate Meter and the
Ludlum Model 43-5 Alpha Detector, both of • Th-230 Radioactive Check Source
which are used to measure alpha contamination
on equipment and personnel. • Calibration Data Sheets (E-Lab Technical

This procedure also describes how to operate Procedure ELP-24B)
the Model 12 Count Rate Meter and the Model
43-5 Alpha Detector, which together are used to • Instrument Log
conduct contamination surveys of equipment
and personnel. Methods for conducting such con-
tamination surveys are described in l'rocedures Proced u re
3.17and 3.22 of this manuaL Calibration proce-
duresfortheinstrumentsareprovidedinthe
UNC Electronics Laboratory Technical Operational Check
Procedures Manual.

1. Check that the instrument has an E-Lab calib-
ration sticker attached and that the

References instrument-calibration interval is valid. The
_____________________________________ instrument-calibration interval is a period of 6

months following the date of calibration.
• UNC Electronics Laboratory Technical Record the calibration due date on the appro-

Procedure Manual priate data sheet. If the instrument-calibration
interval is invalid, tag instrument DO NOT

• UNC ES&H Policy Manual, Chapter 3 USE. Record the nan, date, and reasonfor
the tag. Return the instrument to the E-Lab for

• Ludlum MOde! 12 Count Rate Meter Instruc- calibration.
tion Manual • 2. Clean the instrument and inspect it for any

physical damage. Particular attention should
• ANSI N323-1978 Radiation Protection - be paid to the HV cable which connects the

Instrumentation Test and Calibration detector with the count rate meter. Check the

_________________________________ mylar face of the alpha detector. Inspect the
face for holes and/or contamination. Replace

Equipment and thecabteormylarface, if necessary.

Ma+ea' 3. Turn on the instrument by moying the range'' '. I I switch from the OFF position to BAT position.
Verify that the rate meter indicates above the

• Ludlum Model 12 Count Rate Meter BAT TEST line. Check the BAT OK space on
the appropriate data sheet. If the instrument

11/30187
•
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does not have sufficient battery power,
replace the batteries and repeat step 3.

Background and Response
Check
1. Move the rate-meter range switch to "Xl."

Move the response switch to "S." Place the
detector faceup. After approximately 30
seconds, note the background count rate.
Record the rate-meter reading on the BACK-
GROUND space on the appropriate data
sheet If background count rate exceeds 20
cpm, check the mylar face for holes or obvious
contamination. If needed, clean or replace the
Mylar face and repeat the background check.
If the background count rate still exceeds 20
cprn, then the background check is rejected. If
rejected, tag instrument DO NOT USE. Record
the name, date, and reason for the tag. Return
the instrument to the E-Lab for repair and
calibration.

2. Place the detector on top of the radioactive
source. Adjust the RANGE switch, if neces-
sary. Ailow30 seconds for the rate meter to
stabilize. Record the rate-meter reading on the
SOURCE COUNT RATE space of the appro-
priate data sheet.

3. Record the following information concerning
the radioactive source on the applicable spaces
of the appropriate data sheets:

• Radioactive Source ID Number

• Isotope

calibration factor is determined while perform-
ing E-Lab Technical Procedure ELI'-245.

5. Determine the net count rate (N cpm) by sub-
tracting the background count rate (B cpm)
from the source count rate (S cpm):

N cpm = S cpm—B cpm
6. Multiply the net count rate by the calibration

factor (dpm/cpm). Record the result on the
OBSERVED ACflV1T' space of the appro-
priate data sheet.

7. Compare the observed-activity value with the
acceptance-criteria values. The source check is
accepted if the observed-activity values lie
somewhere between the acceptance-criteria
values. If the source check is unacceptable, tag
instnunent DO NOT USE. Record the name,
date, and reason for the tag. Return the irtstru-
ment to the E-Lab for repair and calibration.

Operational Use
1. Move the rate-meter AUD switch to the ON

position.
2. Move the response switch to "S."
3. Pass the alpha detector slowly (.c5cm/sec)

over the surface to be surveyed. Keep the
detector face within 1 cm of the surface.

4. If surface activity is detected (indicated by
speaker response), keep the detector station-
ary over the area of contamination. Allow 30
seconds for the count rate to stabilize. Record
the instrument count rate.

5. Repeatsteps2through4forall locations to be
surveyed.

• Activity (dpm)

• Acceptance Criteria (±20 percent of source
activity)

4. Record the instrument calibration factor on
the appropriate data sheet. The calibration fac-
tor relates the indicated count rate (cpm) to
actual disintegrations per minute (dpm). The

General
Notes

Operational, background, and response
checks for an.instrument need to be performed
once per day. Record data in the instrument log.

A5. lb-4
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General Considerations for the Sampling of Liquids
Introduction

The importance of proper sampling techniques for liquidscannot be overemphasized.

Manyfactors shall be considered to obtain a sample that is (1) representative of the
population being sampled, (2) collected in a manner that does not compromise the sample,
(3) preserved properly until it can be analyzed in the laboratory, and (4) documented so that
it can be properly traced. Accurate sampling shall be responsive to all of these
considerations and to other items discussed in this procedure.

1. Scope
1.1 Because the objective of most liquid sam-

pling is to obtain a sample that is representative of
the population being sampled and retains the phys-
ical and chemical properties of the population, the
sampler shall make decisions concerning sample
types, equipment to be used, quality control, decon-
tamination, etc., that will greatly affect the results
obtained from the sampling event The information
provided in this section will guide the sampler and
provide the necessary background for the proper
collection of liquid samples. The 10 items that shall
be considered before collecting a sample are:

Material Considerations

Equipment Selection Considerations

Well-Purging Strategies

Sample Preservation and Filtration
Considerations

Decontamination

Quality-Control Considerations

Documentation

Shipping and Handling

Sampling Plan

Section

Health, Safety, and Environmental-
Compliance Considerations 14

2. Hazard Analysis

2.1 SpecifIc hazards requiring controls are iden-
tified in the individual procedures. Site-specific
controls are available in the planning documents
for a particular project.

3. Referenced Documents

3.1 American Public Health Association, Ameri-
can Water Works Association, and Water Pollution
Control Federation, Standard Methods for theExami-
nation of Water and Wastewater American Public
Health Association, Washington, D.C., 1980.

3.2 American Society for Testing and Materials,
Annual Book of ASTM Standards, Section 11, Volume
11.01.2,1984.

3.3 Korte, N. and D. Ealey, Procedures for Field
Chemical Analyses of Water Samples, Technical Mea-
surements Center, U. S. Department of Energy,
Grand Junction Area Office, GJ/TMC-07(83), 1983.

3.4 U.S. Department of Energy, The Environmen-
5 tal Survey Manual, Appendix E, Volume 4,
6 DOE/EH—0053, 1987.

7 3.5 U.S. Environmental Protection Agency,
Handbook Groundwater, EPA/625/6-87/016, 1987.

8 3.6 U.S. Environmental Protection Agency,
Practical Guide for Ground water Sampling,

9 EPA/600/2—85/104, 1985.
10 3.7 Wood, W.W., "Guidelines for Collection

and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Techniques of

12 Water-Resources Investigations of the United States

Geological Survey, Chapter 02, Book 1: Us. Govern-
ment Printing Office, Washington, D. C., Stock
Number 024—001—02879—4, 1976.

4. Significance and Use

4.1 The two general sample types are grab sam-
ples and composite samples.

4.1.1 Grab samples are the most widely used
type. They provide a sample that represents the
characteristics of the liquid being sampled at a
particular point in space and time. Grab samples
are used where:

A6. 1 - 1
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4.1.1.1 The flow of liquid is not continuous
(e.g., batch discharges or intermittent flows.)

4.1.12 The characteristics of the liquid are
known to be fairly constant

4.1.13 The samples are to be used for paranie-
ters with characteristics that are likely to change
significantly with time (eg., dissolved gases, bacte-
rial decay, hydrolysis reactions, oxidation/reduc-
tion reactions, etc.).

4.1.1.4 The compositing process would sigrtifi-
cantly affect the concentration of an analyte.

4.1.2 Composite samples are composed of small
aliquots of constant volume collected at constant
time intervals or flow increments. Composite sam-
ples are used to generate data that describe aver-
age characteristics. Composite samples are
collected in several ways depending upon the par-
ticular variability being studied. The five types of
composite samples are:

4.1.2.1 Simplecomposite samples consist of small
aliquots of constant volume collected at constant
time intervals.

4.1.2.2 Flow-proportional composite samples are
collected by varying the time intervals with flow or
by proportionally varying the volume collected
with flow. Flow-proportional sampling is used
where the liquid flow is highly variable.

4.1.2.3 Sequential composite samples require a
series of individual samples coilected per con-
tainer, with each container representing a specific
time period. This sampling technique is used
where the liquid being sampled varies significantly
over short periods.

4.1.2.4 Continuous composite samples are collected
by extracting a small continuously flowing stream
from the bulk source and directing it into the sam-
ple container.

4.1.2.5 Areal composite samples are a composite of
individual grab samples collected on an areal or
cross-sectional basis. Areal composite samples are
generally used to collect a sample from a lake
or stream.

4.13 interpretation of results depends upon
knowledge of groundwater flow direction and for-
ination transmissivity, lithologies sampled, and a
properly collected, preserved, and uncontaminated
sample.

6. 1 -2

4.1.4 See Table 1 through Table 5 for advantages
and disadvantages of different sampling devices.
A description of the depth of monitoring wells and
a depth to the sample interval are necessary before
proper sampling strategies can be chosen.

5. Material Considerations

5.1 The quality of the analytical data can be
greatly affected by interactions between the sample
and the sampling device. These interactions include
chemical attack, microbial colonization, sorption,
and leaching effects. To ensure the integrity of the
sample and maximize the analytical quality, the
sampling device shall be constructed of a nonreac-
tive materiaL

52 The following materials are generally used
in construction of sampling devices and sampling
containers. They are listed in order of preference
(least reactive to most reactive).

5.2.1 Rigid materials.

a. Teflon®.

b. Stainless steel.

c. Polyvinylchloride (PVC).

d. Low-carbon steel.

e. Galvanized steel.

f. Carbon steeL

5.2.2 Flexible materials.

a. Teflon®.

b. Polypropylene.

c. Linear polyethylene.

d. Flexible PVC.

e. Viton®.

f. Conventional polyethylene.

g. Tygon®.

h. Silicone/neoprene.

5.3 The choice of materials used shall be consid-
ered with respect to the parameter being sampled.
The factors to be considered are

53.1 Negative contamination—The potential for
the measured analyte concentration to be artifi-
cially low because of losses due to precipitation,
volatilization, or absorption.
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Table 1. Grab-Type Mechanism

Advantage Disadvantage

Virtually any material can be used for construction. • Sampling is labor-intensive and time-consuming.
Device is inexpensive. Aeration, degasing, and turbulence occur
No external power source is required. during sampling,
Mechanism can be constructed in any size and shape. Sampler susceptible to exposure to any contaminants
Device is easy to use and easily deaned; requires little in the sample.

mining for operation and lithe maintenance. Does not provide a continuous supply of sample.

5.3.2 Positfte contamination—the potentialfor
the measured analyte to be artificially high because
of leaching or introduction of foreign matter into
the sample by partide fallout or gaseous air con-
taminants.

5.3.3 Cross-contamination—a typeof contamina-
tion caused by the introduction of part of one sam-
pie into a second sample.

6. Equipment Selection Considerations

6.1 Because each sampling situation is unique,
the sampler may have to modify equipment and
applications to ensure that a representative sample
is collected and to maintain the sampie's physical
and chemical integrity. No one particular device
will fit every situation. Thesampler shall under-
stand the various samplingdevices and their ad-
vantages and disadvantagestoeffectively use them
to collect samples. The following items shall be con-
sidered when selecting a sampling device.

6.1.1 Potential impact of the device on sample
integrity.

6.1.2 Method of sample delivery.

6.13 Flow controllability.

6.1.4 Depth of sampling intervaL

6.15 Ease of operation, deaning, and
maintenance.

6.1.6 Reliability and durability.

6.1.7 Portability of the device.

6.1.8 Initial cost and operational cost

6.2 There are basically four types of sampling
devices: (1) grab mechanisms, (2) suction-lift mech-
anisms, (3) positive displacement mechanisms, and
(4) submersible pumps. Discussion of the uses,

A6.1-3

advantages, and disadvantages of these devices
follows.

6.2.1 Grab mechanisms consist of bailers and
dip-type samplers. These devices are the oldest
and simplest for collection of liquid samples. They
can be made of virtually any material and can be
used to collect liquid samples from almost any
source. Table 1 presents the advantages and disad-
vantages of a grab-type mechanism.

6.2.2 Suction-lift mechanisms consist of
peristaltic-type pumps and centrifugal pumps that
apply a vacuum, which causes the liquid to be
drawn upward through a suction line. Their use is
generally limited to purging wells of stagnant
water and sampling for inorganic analytes. Table 2
presents the advantages and disadvantages of a
suction-lift mechanism.

6.2.3 Positive-displacement mechanisms consist
of gas-driven devices and gas-operated bladder
pumps. These devices are generally used to sample
groundwater when the liquid must be pumped to
the surface. Positive-displacement devices can be
constructed of a variety of materials to fit most
sampling situations. Tables 3 and 4 present the
advantages and disadvantages of positive-
displacement mechanisms.

6.2.4 Submersible pumps are generally not used
for sample collection. They are useful in purging
volume wells of stagnant water however,
severe aeration and turbulence of the sample
occur due to their method of sample delivery.
Table 5 lists the advantages and disadvantages of
using a submersible pump.

7. Well-Purging Strategies
7.1 To obtain a representative groundwater

sample, it is necessary to remove the stagnant
water from the well casing. The water within the
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Table2. Suction-Lift Mechanism

Advantage Disadvantage

Flow rates are easily adjustable. Use S limited to situations where the liquid level is less
Device has no contact with the sample, than 25 feet below the surface.
Device can be used in wells of any diameter. Drop in pressure of suction-lift mechanisms causes
High flow rates are obtainable for well purging. degasing of the sample and loss of volatiles.

Onty the tubing requires cleaning Choice of construction material is limited.

(penstaltic pumps only). Centrifugal pumps need to be primed, resulting in
possible sample contamination.

Severe aeration and turbulence occur with

centrifugal pump.

Table 3. Gas-DrIven Device

Advantage Disadvantage

Device can be used in wells of 1 .5-inch inside diameter. Oxidation and gas-stripping of volatiles may occur if air
Device inexpensive and highly portable for most or oxygen is used used as the driving gas.

sampling applications. Requires air compressor or large compressed-air tanks.
Permanent installation is possible in boreholes Application of excessive air pressure can rupture the

without casing. gas entry or olscharge tubing.
Inert materlais can be used for construction of device. Difficult to retrieve for repair, cleaning, and maint-
Sample delivery rate can be controlled. nance when installed permanently in boreholes
Burst strength of the materials used to make device without casing.

and tubing is only limiting factor in determining
sampling depth.

Table 4. Gas-Operated Bladder Pumps

Advantage Disadvantage

Pump is constructed of Inert materials; most pumps are Deep sampling requires large volumes of gas and
designed specifically to sample for low levels of longer cycles, thus increasing operating time and
contaminants, expense and reducing portability.

Driving gas does not contact the sample, thus Check valves in some models are subject to failure
minimizing sample aeration and gas stripping, in water with high solids content

Pump is portable, though accessory equipment may be Most available models are expensive.
cumbersome. Minimum rate of sample discharge of some

Relatively high pumping rate allows well evacuation models may be higher than ideal for sampling of
and collection of large sample volumes, volatile compounds.

Sample delivery rate can be controlled easily on Pump is easily disassembled for cleaning.
some models.

Most models are capable of pumping lifts in excess
of 200 feet

Pump diameters are variable, depending on
the application.

A6. 1_!+
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Table 5. Submersible Pump

Advantage Disadvantage

High pumping rates are possible for well purging. Sampler has little control of flow rates; not possible
Pump can be used at depths of more than 200 feet to adjust from a high rate for purging to a tow rate

for sampling.
Severe aerationand degasing of sample occurs, thus

volatilizing organics and other sensitive compounds.
Pump has limited portability and requires a power

soume for operation.
Pump is not easily disassembled for cleaning.

welicasingandinproxumtytotheweilisproba-
bly not representative of the overall groundwater
at the sampling site. Drillingcontaminants may be
near the well; and important environmental condi-
tions, such as the oxidation/reduction potential,
may differ drastically near the well from the condi-
tions in the surrounding water-bearing formation.
The recommended amount of water tobe purged
from the well prior tosamplingvaries ona case-by-
case basis. The amount of water tobepurged is
based on the hydraulic properties of the geologic
materials surrounding the well, well-construction
parameters, desired pumping rates, and sampling
methodology employed. There is no one single
number of well volumes to be pumped that is best
or fits all situations. The goal is to obtain water
from the well that is representative of the ground-
water, while minimizing the disturbance of the
regional flow system and the collected sample.

7.2 The most common procedure is to pump or
bail the well until three to five casing volumes of
water have been removed. This requirement is
stated in the US. Environmental Protection
Agency (EPA) RCRA Technical Enfo7vement Guid-
ance Document and in the EPA Test Metlwds for Eval-
uating Solid Wastes (SW-Mo). The sampler shall use
the foilowing guidelines to determine when suffl-
dent water has been removed from the well prior
to sampling.

73 Guidelines for Well Purging Prior to Sam-
pling [LQ—3(P)].

73.1 Purging accomplished by pumping from
near the water surface within the well casing is the
most reliable way to ensure removal of stagnant
water within the well casing.

A6.1-5

7.3.2 Removal of three to five casing volumes
by surface pumping is sufficient to remove virtu-
ally all stagnant water within the well.

733 Monitoring pH, conductivity and tempera-
ture during purging is an indicator that when stabi-
lized (± 10 percent), the well is providing
formation water.

73.4 Pumping or bailing a well dry and allow-
ing it torecover is sufficient to remove the stagnant
water within the well.

73.5 Documentation of the purging process
should be provided so that the data user can assess
the quality of the data.

8. Sample Preservation and Filtration
Considerations

8.1 Sample Presertztion Considenztion—Preserva-
tion of samples is necessary to stabilize specific
parameters during shipment to a laboratory and
while the samples are being held for analysis. Pres-
ervation is intended to (1) retard biological effects,
(2) retard hydrolysis, (3) reduce sorption, and (4)
reduce volatility of constituents. Preservation tech-
niques are parameter-specific and include many
different methods. Generally, the Sampling and
Analysis Plan and/or the laboratory performing
the analysis will determine the specific require-
ments. Table 6 can be used as a guide for preserva-
tion requirements, container types and sizes, and
holding times; but contains only some of the more
common practices.

82 Sample Filtration Considerations—Predictions
of contaminant migration, whether made empiri-
cally or with a computer model, require that a dis-
tinction be made between soluble species and
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aHDpE — High.density polyethylene.

suspended matter.Determining the soluble species
requires the samples to be filtered prior to analysis.
A filter pore size of 0.45 micometer (jim) has been
accepted asthecutoffsizetobeusedfordetermin-
ing dissolved versus suspended matter. Samples
requiring filtration shall be filtered as soon after
collection as possible, preferably at the time of col-
lection. Many devices are available to filter the sam-
ple and include large and small disposable
cartridges and large and small filter holders with
replaceable filter,. The device chosen will vary
depending upon the amount of suspended matter
in the sample, amount of sample requiring filtra-
tion, and equipment available to filter the sample.
Many different types of filter media are available
(including cellulose nitrate, cellulose acetate,
Teflon®, nylon, and polycarbonate) in a 0.45-sun
filter size. The choice of filter media will depend
on the constituents being analyzed and the amount
and size of the suspended matter in the sample.
The following guidelines will be helpful in the
choice of sampling device and filter media.

82.1 The preferred device is an in-line
filtration module that operates from sampling
pump pressure.

8.2.2 The required filter pore size is 0.45 jim.

8.23 Samples containing high suspended solids
or large volumes can be best filtered using a high-

capacity cartridge filter.

8.2.4 Clear samples or samples requiring small
volumes can be filtered using small cartridge filters
or filtration devices with replaceable filter media.

8.2.5 Thoroughly dean all devices that use
replaceable filters and discard the initial 50 to
100 mililiter (mL) of sample as a rinse prior to
sample collection.

9. Decontamination

9.1 A major part of the work effort and cost
spent during an investigation is associated with
collecting and analyzing samples. To that end,
effective decontamination of reusable equipment is
critical to the credibility of the data generated dur-
ing the investigation. No universal standards exist
for equipment decontamination, but most state
and federal regulatory agencies have established
guidelines that should be considered when devel-
oping decontamination protocols. Therefore, the

Pammeter
Size and Materlal

Preservation Holding mment3

Metals 125-mL
HDPE

HNO3 pH <2 6 months Protect Ag
from light

Anions N03 and PC4 1 25-mL
HDPE

Cool to 4°C 48 hours

Anions F, CI, and S04 1 25-mL
HDPE

Cool to 4°C 28 days

Cyanide 1 ,000-mL
HDPE

NaOH pH >12 14 days Protect from
light

Sulfide 1 ,000-mL
HDPE

2-mL 2 N zinc
acetate, cool

28 days

Total Organic
Carbon

I 25-mL
glass

H2S04 or HCI.
pH <2,4°C

28 days

Volatile Organics 2 each,
40-mL glass

Cool to 4°C
.

14 days No bubbles

Semi-Volatile
Organics

2 each,
1,000-mL glass

Cool to 4°C 14ys Protect from
light
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individuals conducting the sampling shall develop
protocols that will best fit the requirements of the
investigation being conducted.

9.2 Decontamination consists of a physical
cleaning of the equipment followed by a chemical
deaning. The process shall be designed to mini-
mize the spread of contaminants to clean areas and
to minimize the cross-contamination of sampling
sites. The following general guidelines provide a
basis for achieving this goaL

9.2.1 Physical decontamination methods consist
of cleaning with brushes, clean rags, and high-
pressure water to physically remove the contami-
nation. This is followed by a distilled or deionized
water rinse and drying with lint-free tissues.

9.2.2 Chemical decontamination methods shall
depend on the nature and extent of contamination.
At a minimum, chemical cleaning would consist of
washing the contaminated equipment in a soap
solution, rinsing with tap water, rinsing with dis-
tilled or deionized water, and air drying or wiping
dry with lint-free tissues. Some situations might
call for a chemical deaning with acids such as
HNO3 or HC1, or organic solvents such as metha-
nol, acetone, or hexane.

10. Quality-Control Considerations -

10.1 The fundamental goal of field quality con-
trol is to ensure that the sampling protocol is being
executed faithfully and that situations leading to
error are recognized before they seriously impact
the data. This goal can be achieved only through
knowledge, training, experience, and continued
refinement of procedures. The use of field quality-
control samples such as blanks, standards, and
spiked samples can account only for changes that
occur after sample collection. The following guide-
lines are quality-control measures that are gener-
ailyusedbythesamplerinthefleld.

10.1.1 Field blanks are used to enable quantita- -
tive correction for bias that arises due to handling,
storage, transport, and laboratory procedures.
They can also detect problems in inadequate field
decontamination procedures or potential cross-
contamination problems in field procedures or
both. Field blanks consist of water that is metal-
free or organic-free, or both, which contacts the
sampling equipment under field conditions. Field
blanks are also considered equipment blanks.
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10.1.2 Trip blanks are used to detect any contami-
nation or cross-contamination resulting from han-
dling and transportation. They consist of water
that is metal-free or organic-free, or both, which is
placed in the sampling containerS that accompany
the samples to and from the field.

10.13 Field duplicates are actual samples col-
lected in the field in duplicate and sent to the labo-
ratory. They are used to document the precision of
the sampling and analytical technique.

10.1.4 Field spikes are actual samples collected in
the field and spiked with a known amount of
analyte. They are used to determine the loss of
analytes of interest during sampling and shipment
They are not generally used because they are sus-
ceptible to errors that are difficult to control in a
field situation.

10.13 Control samples are samples of known
analyte concentration prepared in a laboratory and
then submitted with the field samples as a field
sample. They are used to document the,accuracy of
the analytical technique.

11. Documentation

11.1 The documentation of the field activities
and sample collection activities shall contain the
information necessary for reconstruction of the
sampling event at a later date. This documentation
process consists of (1) field logbooks, (2) sample
identification forms, (3) documentation of sample
collection forms, (4) sample labels, and (5)chain-
of-custody forms. Keep in mind that the documen-
tation process should be able to provide answers
to the questions who, why, what, when, where,
and how.

11.1.1 Field logbooks are used to record the activi-
ties of the field team and to record information
about the sampling event that is not contained on
other forms. The logbook shall be bound and have
consecutively numbered pages. The field team
leader shall maintain the logbook. Items that
would normally be recorded in the field logbook
are (1) sampling team members; (2) equipment
used on the sampling event; (3) source and expira-
tion date of calibrating solutions used; (4) date,
time, and sample number of samples collected; (5)
weather conditions, if they are important to under-
standing the data; and (6) other quantitative infor-
mation or measurements that are important to the
data reviewer.
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11.1.2 Sample identificationforms may vary from
project to projectbut all are designed to provide
information about where the sample was collected,
who collected the sample, date of collection, and
comments by the sampler to document other
important information.

11.13 Sample labels are necessary to prevent mis-
identification of the samples. Each label shall in-
dude, at a minimum, (1) sample number, (2) name
of sampler, (3) date and time of collection, (4) place
of collection, and (5) name and address of organiza-
tion collecting the sample.

11.1.4 Chain of custody is an essential part of the
sampling scheme to ensure the integrity of the sam-
ple from collection to data reporting The posses-
sion and handling of the samples should be
traceable from the time of collection through analy-
sis and final disposition. This documentation is
known as the chain of custody. A sample is consid-
ered to be under a person's custody if it is (1) in a
person's physical possession, (2) in view of the per-
son after taking possession, and (3) secured by that
person so that no one can tamper with it or secured
by that person in an area that is restricted to autho-
rized personneL The chain-of-custody form shall
accompany the samples and each person relin-
quishing or receiving the samples shall sign and
date the form and retain a copy for their records.

11.1.5 Custody seals are used to detect unautho-
rized tampering of samples. They shall be affixed
to the shippingcontainerin such away that, if the
shipping container is properly secured and arrives
at the laboratory with the custody seals intact, the
integrity of the sample can be demonstrated.
Custody seals can also be placed directly over the
lid of the sample container to further ensure that
there has been no tampering with the sample.
Custody seals may also be placed on the door of the
sample storage area to document that no unautho-
rized entry was made while the sample was stored.

12. Shipping and Handling
12.1 The storage and transport of samples are

often the most neglected elements of a sampling
program. Samples shall be stored in a manner that
does not compromise the sample integrity and shall
be shipped to the laboratory in a timely manner to
satisfy holding times. In addition, all shipments
shall comply with the Department of Transporta-
tion (DOE) regulations governing shipment of
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hazardous materials and substances. Coordination
with the laboratory is critical to ensure that sam-
ples will arrive in a timely manner and the labora-
tory can meet the required holding times. This may
require adjustment to sampling schedules.

12.2 The DOT regulations governing shipment
of hazardous materials and substances are avail-
able in Hazardous Materials Regulations
(49 CFR 171—179). The sampler should be familiar
with and shall comply with these regulations. The
regulations describe proper marking labeling
packaging. documentation, and shipping proce-
dures. Samples of a substance listed in the Hazard-
ous Materials Table (49 CPR 172.101) shall be
identified, packaged, marked, labeled, docu-
mented, and shipped according to the regulations
listed for that material. However, if the composi-
tion of the sample is unknown, the shipper shall
select the appropriate transportation category in
accordance with 49 CFR 172.402(h). A material for
which reasonable doubt exists as to its class and
labeling requirements, and for which a sample
must be transported for laboratory analysis, may
be labeled according to the shipper's tentative class
assignment based upon: (1) defining criteria (i.e.,
definitions of the hazard classes); (2) hazard prece-
dence prescribed in 49 CFR 173.2; and (3) shipper's
knowledge of the material.

123 The hazards listed in 49 CFR 173.2 fall into
five classes: (1) flammable liquids, (2) radioactive
materials, (3) oxidIzers, (4) flammable solids, and
(5) corrosives. The sampler should be familiar
with the definitions of these classes to properly
ship the samples.

13. Sampling Plan

13.1 A sampling plan shall be prepared after all
the previous items have been properly considered.
The sampling plan is the road map that should be
followed during sample collection. it is a collection
of separate steps arranged in a specific order that,
when properly followed, results in a unique sample
being obtained. It shall be flexible enough to allow
for changes in data-quality objectives, information
needs, and the variety of situations found at a par-
ticular site. The generalized plan presented in this
section describes the steps and the goal each step is
to accomplish. The steps are arranged in the order
in which they should be executed, but some steps
may be executed concurrently. However, some
steps are not applicable to all liquid types and can
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be eliminated. For example, the hydrologic-
measurement and the well-purging steps are not
applicable to surface or containerized liquids.

13.1.1 Identify Sampling Site—Consult the plan-
ning documents, maps, and other instructions to
identify the sampling site. Review the documents
for the specific site and determine the sampling
requirements (Le., samples to be collected, analyte
requirements, required field measurements, and
any personal protective equipment that might be
necessary).

13.11 Determine Equipment Require,nents—After
reviewing the documents described in Section
13.1.1, select the appropriate equipment. The
appropriate sections of this manual or other refer-
enced documents should also be reviewed. Select
equipment that has the least potential of affecting
the sample and yet can provide the necessary vol-
ume required for the purging and sampling steps.

13.13 Establish Documentation Requirements—At
a minimum, each sample requires a sample label
and an entry in the field logbook. See the documen-
tation section of this manual and review the plan-
ning documents for site-sped& requirements.

13.1.4 Inspect the Site—Inspect the sampling site
to identify any health and safety problems, verify
the sample collection point, and identify any condi-
tions that could affect the quality of the sample.
If the site is a monitoring well, examine the
condition of the surface seal and well protector to
determine if there is any evidence of frost-heaving.
cracks, or vandalism. Record this inspection in the
field logbook.

13.13 Take Afp'ruprzate Protective Measures and
Conduct Area Monitoring—Monitor the area with an
organic vapor meter (OVM) and an explosivity
meter to determine if special personal protective
equipment will be necessary. Consult the planning
documents for details of monitoring and personal
protective equipment requirements. Record these
monitoring results in the field logbook.

13.1.6 Prepare the Area for Sampling—Clear the
area around the sampling point of weeds and other
materials prior to beginning sampling activities.
Sampling equipment shall not be placed on the
ground. Place sampling e4uipment on a card table
or drop doth on the ground.
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13.1.7 Take Water-Level Measurements and Deter-
mine Purging Requirements—This step is only
applicable when sampling monitoring wells.
Unlock the well protector, remove the cap
from the well, and take OVM and water-level
measurements.

13.1.8 CalIbrate Monitoring Equipment—Calibrate
or check the equipment to be used for making field
measurements. Record this information in the
field logbook or document the information on the
sample collection form.

13.1.9 Assemble Equipment—Assemble the equip-
ment to be used according to the operating manual
for each piece of equipment

13.1.10 Purge Stagnant Water and Monitor pH,
Temperature, Conductivity, and Other Parameters—
Stagnant water in the well shall be removed prior
to sampling. Monitoring of pM, conductivity, and
temperature is used to determine if stagnant water
has been removed. These parameters should stabi-
lize to percent prior to sampling.

13.1.11 Label Sample Bottles and Collect and Pre-
serve Samples—Label the sample bottles and collect
and preserve the samples. Consult the planning
documents or the appropriate sections of this man-
ual for requirements.

13.1.12 Record Field Measurements and Perform
any Field Anal yszs—Record the field monitoring pa-
rameters and conduct the field analyses at this
time. Consult the planning documents for require-
ments at the site.

13.1.13 Clean Equipment—Clean and decontami-
nate the equipment according to the decontamina-
tion procedure in this manual. Planning documents
for each site will describe site-specific decontaxnina-
tion procedures.

13.1.14 Review Documents and Prepare for the
Next Sample—Review the field logbook and other
records such as sample labels and field documenta-
tion forms for completeness and accuracy. Clean
up the site and put away any equipment that was
used for sampling. Prepare for collection of the
next sample.

13.1.15 Storage and Transport of Samples—Place
samples in secure storage and prepare the sample
for transport The samples that require storing at
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4°C shall be placed in an ice chest with ice and that are to be considered include, but are not urn-
kept cool until shipment to the laboratozy. ited to, the following.

14.1.1 Assignment of responsibilities.14. Health, Safety ar4 Environmental
Compliance Considerations 14.1.2 Medical program requirements.

14.1 The sampling of liquids comprises numer- 14.1.3 Training program requirements.
ous activities that involve the consideration of 14.1.4 Pezonnel protective equipment
health, safety, and environmental compliance requirements.
issues. Site-specific planning documents and

14.1.5 Personnel decontamination requirements.procedures shall address these issues. Where
appropriate, include these issues n procedures. 14.1.6 Emergency procedures.
However, many of these issues are site specific and

14.1.7 Disposal of contaminated wastes.should be thoroughly covered in planning docu-
ments. Health, Safety, and Environmental Compli- 14.1.8 Compliance with environmental
ance Specialists shall review all procedures, regulations.
planning documents, and activities to verify that
all items have been adequately addressed. items 14.1.9 Compliance with hazardous materials

transportation.

A6. - 1 D
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SITE SPECIFIC PROCEDURE CHMGE or NOTICE

PROCEDURE Measurement of Water Levels in Groundwater Monitoring Wells

PROJECT or SITE Air Force Plant 4

References to Electric Sounder

The only well sounder acceptable for use at Air Force Plant 4 will be an
interface probe able to distinguish between immiscible layers of different
conductivity. Ordinary electric sounders without this capability will not be
used for fluid level measurements.

A6.2-1
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Standard Test Method for the Measurement of
Water Levels in Groundwater Monitoring Wells

Introduction
Water-level measurements shall be taken prior to any sampling or well purging. These

measurements are needed to determine the casing volume of water in the well; the data are
used when interpreting the monitoring results. High water levels could indicate recent
recharge to the system, resulting in the dilution of the sample. Low water levels may reflect
the influence of nearby production wells. Documentation of the nonpuniping water levels
shall also provide historical information on the hydraulic conditions at the site.

1. Scope
1.1 The water-level measurements shall be

made from the top of the well casing and, for con-
sistency, shall always be made from the same spot
on the well casing. If the planning documents do
not specify, and other reference points do not exist,
then the measurement shall be made on the north
side of the well casing.

12 Two methods are provided in this test
method for water-level measurements. One uses
an electric sounder with a conductivity celL When
the cell contacts water it completes an electrical cir-
cuit and sounds a buzzer or lights a lamp. The
other method uses an interface probe. This instru-
ment has an optical liquid sensor and a conductiv-
ity cell and can distinguish between the presence
of a non-conductive layer and a conductive layer.
For example, oils, fuels, and many organics are
non-conductive and are immiscible in water. With
this instrument the sampler can measure the thick-
ness of a light-phase immiscible, which would float
on the water surface; or a dense-phase ininiscib1e,
which would sink to the bottom of the well.

Method A —Water-LevelMeasurements
Using an Electric Sounder

Method B —Water-LevelMeasurements
Using an Interface Probe 8—10

2. Hazard Analysis

2.1 This test method uses methanol for decon-
taminating the apparatus. Methanol is a Depart-
ment of Transportation (DOT)-regulated material;
its hazard class is Flammable Liquid; and itis an
Occupational and Safety Administration (OSHA)-

listed toxic and hazardous substance. Avoid eye
and skin contact by wearing eye protection and dis-
posable gloves. Avoid breathing vapors. Use only
in a well-ventilated area. Keep away from heat,
sparks, and flames.

2.2 Site-specific controls are available in the
planning documents for a particular project

3. Referenced Documents

3.1 American Society for Testing and Materials,
Standard Guide for Sampling Groundwater Monitoring
Wells, D4448-85a, 1986.

3.2 U.S Department of Energy, The E,wironmen-
tal Suroey Manual, Appendix E, Volume 4, DOE!
EH-0053, 1987.

33 U.S. Environmental Protection Agency,
Handbook Groundwater, EPA/625/6—87/016, 1987.

3.4 U.s Environmental Protection Agency,
Practical Guide for Groundwater Sampling,
EPA/600/2—85/104, 1985.

4. Significance and Use

4.1 Accurate measurements of water depth are
necessary to calculate well-bore volumes; measure-
ments to the nearest 0.01 foot are routine.

Method A
Water-Level Measurements Using an

Electric Sounder

5. Apparatus
5.1 Electric sounder. (There are many adequate

electric sounders available. This procedure covers
most models.)

Section

A6 .2-2
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5.2 Kiniwipe® or equivalent lint-free tissue.

5.3 Distilled or deionized water in a squeeze
wash bottle.

5.5 Measuring tape with an engineering scale.

6. Procedure

6.1 The following procedure is supplemental to
the instruction in the instrument-specific operating
manuaL

6.1.1 check sounder to ensure that batteries are
operating.

6.1.2 Clean probe with distilled or deionized
water and wipe dry with a lint-free disposable
tissue.

6.1.3 Slowly lower the probe into the well until
the indicator sounds.

6.1.4 Raise the probe slightly until the indicator
stops sounding.

6.1.5 Carefully lower the probe until the indica-
tor sounds again and read the depth to water to
the nearest 0.01 foot.

6.1.6 Repeat steps 6.4 and 6.5 until a repeatable
measurement is achieved.

6.1.7 Record the depth to water to the nearest
0.01 foot.

6.1.8 Slowly withdraw the probe from the well
while wiping the tape with a clean lint-free tissue
moistened with distilled or deionized water.

6.1.9 Clean the probe with distilled or deion-
ized water and wipe dry with a lint-free tissue.

7. Procedure Bias

7.1 With this method, water-level measure-
ments shall be repeatable to foot The accu-
racy of the instrument shall routinely be checked
against a steel tape to ensure that the cable has not
stretched or twisted.

Method B
Water-Level Measurements Using an

Interface Probe

8. Apparatus
8.1 Soiltest Model 447-000 interface probe or

equivalent
A6.2-3

82 Kimwipes® or equivalent lint-free tissue.

8.3 Deionized or distilled water in a squeeze
wash bottle.

8.5 MethanoL (Departhient of Transportation-
regulated material; its hazard class is Flammable
Licpnd.)

9. Procedure

9.1 The following procedure is supplemental
to the instruction found in the instrument-specific
operating manuaL

9.1.1 Clean the probe with methanol, followed
by a distilled or deionized water rinse, and wipe
dry with a lint-free tissue.

9.12 Check the battery level and replace if low.

9.13 Slowly lower the probe into the well until
the probe comes in contact with liquid. A steady
audible alarm indicates an immiscible non-
conductive liquid, while an oscillating alarm
indicates a conductive liquid (water).

9.1.4 When the alarm sounds, raise the probe
slightly until the alarm stops. Lower carefully until
the alarm sounds again and note the depth. Repeat
as necessary until a repeatable measurement of

0.01 foot is achieved. Record this measurement.

9.1.5 If a light-phase immiscible layer is present
as indicated by a continuous audible alarm, the
thickness can be measured by recording the point
at which the continuous alarm begins and the
point at which the oscillating alarm begins. The dif-
ference between the two measurements is the thick-
ness of the light-phase immiscible layer.

9.1.6 If a dense-phase immiscible layer is sus-
pected, it can be measured by slowly lowering the
probeto thebottomof thewelL If a dense-phase
immiscible layer is present, it can be measured by
recording the point at which the continuous alarm
begins and the point that the probe reaches the bot-
tom of the well.

9.1.7 Carefully withdraw the probe from the
well while wiping the tape with a Kimwipe®
moistened with distilled or deionized water. If the
well contained any light-phase immiscible layers,
the tape shall be rinsed with methanol followed by
a distilled or deionized water rinse and wiped dry
with a lint-free tissue as it is being removed from
the well.
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9.1.8 Clean the probe with methanol, followed 11. Quality Assurance
by a distilled or deionized water rinse, and dry
with a lint-free tissue. 11.1 The following information shall be logged

when taking water-level measurements:

10. Procedure Bias 11.1.1 Date.

10.1 When using the interface probe for liquid 11.1.2 Well identification.
level measurements, readings of± 0.01 foot can be 11.13 Depth to water.achieved. The accuracy shall be routinely checked
using a steel tape to determine if the tape has 11.1.4 Depths of light-phase and/or dense-
stretched or coiled. phase immiscible liquids.

11.1.5 Name of person performing the
measurement

A62-4
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE Standard Practice for Purging Monitor Wells

PROJECT or SITE Air Force Plant 4

VARIANCE

The introduction section of the Standard Practice for Purging Monitor Wells
states that "a general rule of thumb is to monitor purge water using an in-
line flow cell for pH, conductivity, and temperature. When these parameters
stabilize to ÷1- 10 percent for two successive well volumes, the sampler can
be reasonably assured that the stagnant water has been removed from the well
casing."

As per guidance from EPA Region VI, well purging criteria are revised to
specify that water quality parameter measurements are to be taken after three
to five wel]. volumes have been removed at a rate of one measurement for every
1/2 well volume until the measurements stabilize or until a maximum of five
bore volumes have been removed. Stabilization criteria will be:

pEt i-/— 0.25
Conductivity +/— 50 pmhos/cm
Temperature 4-/- 0.5 degrees C

If the well is pumped dry, it will be sampled 24 hours later, after recovery.

A6.3-1
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Standard Practice for Purging of Monitoring Wells
Introduction

To obtain a representative groundwater sample, the stagnant waterin the well casing
shall be removed. The recommended amount of purging depends on many factors such as
the hydrogeological nature of the aquifer, the characteristics of the well, the type of
sampling equipment to be used, and the parameters to be sampled. There is no one
standard that will fit all situations. The general rule-of-thumb is to monitor the purge water
using an in-line flow cell for pH, conductivity, and temperature When these parameters
stabilize to percent for two successive well volumes, the sampler can be reasonably
assured that the stagnant water has been removed from the well casing.

1. Scope
1.1 The four methods provided here are repre-

sentative of those generally used to purge monitor-
ing wells. Each method has advantages and
disadvantages that must be considered. A review
of the Well Purging Strategies in Section 7ofGen-
era! Considerations for the Sampling of Liquids
[LQ—1(G)] provides guidance for selecting the
proper method.

Method A—Well Purging Using a
Peristaltic-Type Pump
Method B—Well Purging Using a
Bladder-Type Pump

Method C—Well Purging Using
a Bailer

Method D—Well Purging Using a
Submersible Pump

2. Hazard Analysis

2.1 These procedures use gasoline-powered
electric generators, gasoline-powered air compres-
sors, and battery-powered pumps and accessories.
The following safety precautions shall be followed.

2.1.1 Air compressors that are belt driven shall
have a belt guard in place.

2.12 Careshallbetakenwhenconnectingand
disconnecting equipment powered by lead-acid
batteries so as not to generate sparks that have the
potential of creating an explosive hazard.

2.13 Gasoline shall be stored in Factory Mutual
(FM)-approved safety cans. Safety cans shall be
well secured in the vehicle during transport.
Gasoline-powered equipment shall be cool
before filling and care shall be taken not to spill
any gasoline.

2.1.4 Air compressors shall not be operated
above rated capacities and shall be configured so
as not to have any dead end fittings above 20
pounds per square inch (psi). Carefully check for
loose connections before operating.

2.1.5 Gasoline is a Department of Transporta-
tion (DOD-regulated material; its hazard class
is Flammable Liquid. Avoid eye and skin contact
by wearing eye protection and disposable gloves.
Avoid breathing vapors. Use only in a well-
ventilated area and keep away from heat, sparks,

6-8 and flames.

2.1.7 Care shall be taken when lifting genera-
12-14 tors and air compressors. Proper lifting techniques

shall be taken when lifting heavy equipment.

2.1.8 Site-specific controls are available in the
planning documents for a particular project.

3. Referenced Documents

3.1 American Society for Testing and Materials,
Standard Guide for Sampling Groundwater Monitoring
Wells, D4448-.85a, 1986.

32 U.S. Department of Energy, The Environmen-
tal Suruey Manual, Appendix E, Volume 4,
DOE/EH-4J053 1987.

33 U.S. Environmental Protection Agency, Prac-
tical Guide for Groundwater Sampling, EPA/600/2-
85/104, 1985.

3.4 U.S. Environmental Protection Agency,
Handbook Groundwater, EPA/625/6-87/016, 1987.

Section

2.1.6 Gasoline-powered generators shall not be
9-fl operated above their rated capacity.

15—17
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4. Significance and Use

4.1 Water may become stagnant in a well and
will not reflect the local resident water's chemical
and physical properties. The purging of a well can
reduce this bias. Care shall be taken to allow
screened intervals to come to equilibrium before
sampling is performed

5. Calculation of Volume of Standing
Water in a Well

5.1 Calculations are performed for the amount
of water in the well with the following formula:

r2xrx(h1-h2)x7.48=galionsper
casing volume

= radius of well casing (feet) (the radius of the
well is obtained from the well completion
logs or can be measured with a tape
measure),

hi = depthofwell(feet)fromthetopofthe
welicasing(thedepthofthewellis
obtained from the well completion
logs), and

h2 = depth to water (feet) measured from the top
of the well casing (the depth of water is
measured using the Standard Test Method
for the Measurement of Water Levels in
Groundwater Monitoring Well [LQ—2C1D1).

Method A
Well Purging Using a Peristaltic-Type Pump

6. Apparatus

6.1 Peristaltic-type pump.

6.2 Silicone, CFLEX®, or neoprene tubing for
the pump head.

6.3 Silicone, Teflon®, polyethylene, or vinyl tub-
ing for placing in the well. -

6.4 Generator or other source of electricity.

63 Gasoline for generator. (Gasoline is a DOT-
regulated material; its hazard class is Flammable
Liquid.)

7. Procedure

7.1 The following procedure is supplemental to
the instruction in the instrument-specific operating
manuaL

7.1.1 Place the suction line in the well so it is
just below the liquid surface.

7.1.2 Connect the suction line to the pump.

7.13 Connect the pump outlet to the in-line
flow cell, see Standard Practice for the Use of a
Flow Cell for Field Measurements fLQ-1O(P)1, or
place the pump outlet hose into an open container
to be used to make the field measurements

7.1.4 Place calibrated pH, conductivity, and
temperature electrodes into the in-line flow cell or
the open container.

7.13 Initiate pumping and follow the water
level down the well bore if the recovery rate of the
well is below the pumping rate.

Note: Purge water may have to be contained
and properly disposed. Consult the site-specific
planning documents for requirements.

7.1.6 Routinely monitor and record the vol-
umes purged and the readings for the pH, conduc-
tivity, and temperature.

7.1.7 When these readings have stabilized to
percent for two successive well volumes, sam-

pling can begin.

7.1.3 Remove the suction line from the well,
clean and decontaminate the suction line and
pump tubing as required.

& Procedure Bias

8.1 The advantages of purging with a peristaltic
pump are that (1) a peristaltic pump is relatively
portable, inexpensive, and convenient; (2) it
requires a minimum of down-hole equipment;
and (3) it can be cleaned easily or the entire tubing
can be changed between wells.

8.2 The disadvantages of purging with a pen-
staltic pump are that (1) purging is limited to situa-
tions where the water levels are less than about
25 feet and (2) degasing occurs whenever there is
a head difference between the pump and the
water leveL

Method B
Well Purging Using a Bladder-Type Pump

9. Apparatus

9.1 Bladder-type pump.

where
r
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92 Air compressor.

9.3 Teflon®, polyethylene, or vinyl tubing for
the air and sample line.

9.4 Gasoline for the air compressor. (Gasoline
is a DOT-regulated material; its hazard class is
Flammable Liquid.)

10. Procedure

The following procedure is supplemental to the
instruction found in the instrument-specific operat-
ing manuaL

10.1 Lowerthe pump gently to a position just
above the screened intervaL

10.2 Connect the air line to the pump controller.

103 Connect the pump outlet to an in-line flow
cell, see Standard Practice for the Use of a Flow
Cell for Field Measurements [LQ—10(P)], or place
the pump outlet hose in an open container used to
make the field measurements.

10.4 Place calibrated pH, conductivity, and
temperature electrodes in the flow cell or the
open container.

10.5 Initiate pumping and routinely monitor
and record the volume purged and the pH, conduc-
tiVity, and temperature measurements.

Note: Purge water may have to be contained
and properly disposed. Consult the site-specific
planning documents for requirements.

10.6 When these readings have stabilized to
percent for two successive well volumes, sam-

pling can begin.

10.7 Remove the pump from the well, dean and
decontaminate as required.

11. Procedure Bias

11.1 The advantages of using a bladder-type
pump for purging are that (1) the system is not
damaged by dry pumping, (2) there is no
air/water contact, and (3) the entire assembly can
be made of Teflon® or stainless steel.

11.2 The disadvantages of using a bladder-type
pump are that (1) pumping rates are relatively
slow, (2) there is a high rate of air consumption
during prolonged pumping, and (3) cleaning and
decontamination are more difficult than with the
apparatus used in methods A or C.
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Method C
Well Purging Using a Bailer

12. Apparatus
12.1 Teflon® or stainless steel bailer.

12.2 Teflon® or stainless steel cable or line.

12.3 Bailer reel.

13. Procedure
13.1 Attach the bailer to the cable or line

132 Lower the bailer slowly until it contacts the
lkpild.

13.3 Allowthebailertosinkuntilitistotally
submerged.

13.4 Slowly raise the bailer to the surface.

13.5 Tip the bailer or use a bottom-emptying
device and fill a container in which calibrated pH,
conductivity, and temperature probes have been
placed.

Note: Purge water may have to be contained
and properly disposed. Consult the site-specific
planning documents for requirements.

13.6 Routinely monitor and record the pH, con-
ductivity, temperature, and volume purged.

13.7 When the readings have stabilized to
percent for two successive well volumes, sampling
can begin.

13.8 Clean and decontaminate the bailer,
asrequired.

14. Procedure Bias

14.1 The advantages of using bailers for well
purging are that (1) bailers can be constructed of a
variety of materials, (2) external power sources are
not needed, (3) bailers are inexpensive, (4) bailers
are easily deaned and decontaminated, and (5)
bailers can be used in wells of virtually any depth.

14.2 The disadvantages of using bailers are that
(1) evacuating large amounts of stagnant water is
labor intensive; (2) aeration, degasing, and turbu-
lence will occur; (3) it is difficult to determine the
depth to which the bailer has been submerged; and
(4) bailer check valves may not operate properly
under conditions of high suspended solids.
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Method D 16.6 When pH, conductivity, and temperature
Well Purging Using a Submersible Pump have stabilized for two successive well volumes,

sampling can begin.
15. Apparatus 16.7 Remove the pump from the well; clean and

15.1 Submersible-type pump.
decontaminate.

15.2 Discharge tubing of vinyl, polyethylene, 17. Procedure Bias
polyvinyl chloride, or Teflon®.

17.1 The advantages of using a submersible
15.3 Power source of generator or batteries, pump for well purging are that (1) relatively high
15.4 Gasoline for generator. (Gasoline is a pumping rates are possible, (2) some designs are

DOT-regulated material; its hazard class is relatively portable and easy to use, and (3) these
Flammable Liquid.) pumps can pump from greater depths than the

pumps used in methods A or B.
16. Procedure 17.2 The disadvantages of using a submersible

The following procedure is supplemental t pump are that (1) high pumping rates and the
the instructions provided in the instrument- mechanical actions cause turbulence, aeration, and

specific operating degasingof the water (2) pumps are easily dam-
aged by dry pumping; and (3) these pumps can be

16.1 Set up the pump according to the operat- difficult to dean and decontaminate.
ing manual.

16.2 Gently lower the pump down the well so 18. QualityAssurance
that the pump head is submerged sufficiently and 18.1 All of the methods listed above require theWill not run drr. following information to be logged for quality-

Cautlon Submersible pumps cannot be allowed assurance documentation.
to run dry. 18.1 Depth to water.

16.3 Connect the pump outlet to an in-line flow
cell, see Standard Practice for the Use of a Row

182 Depth of well.

Cell for Field Measurements [LQ.-10(P)], or place 18.3 Well diameter or radius.
the pump outlet in an open container used for the
field measurements. 18.4 Depth of water.

185 Calculated water volume.16.4 Place calibrated pH, conductivity, and
temperature electrodes in the flow cell or the 18.6 Type of mechanism used to evacuate
open container, the well.

163 Initiate pumping. and monitor and record 18.7 Date.
the volumes purged and the pH, conductivity, and 18.8 Well identification.
temperature measurements.

18.9 Name of person performing the purging.Note: Purge water may have to be contained
and properly disposed. Consult the site-specific 18.10 Volume purged.
planning documents for requirements.

18.11 Conductivity, pH, and temperature
measurements.
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DETERI4INATION OF TURBIDITY IN WATERS

1.0 INTRODUCTION

This method is applicable to drinking, surface, and saline waters
in the range of turbidity from 0 to 40 nephelometric turbidity units
(NTU). Higher values may be obtained with a dilution of the sample.

The method is based upon a comparison of the intensity of light
scattered by the sample under defined conditions with the intensity of
light scattered by a standard reference suspension. The higher the
intensity of scattered light, the higher the turbidity. NTU readings
are made in a nephelometer designed in accord with specifications
outlined in Section 5.0 of this method.

A commercially available polymer standard is approved by the EPA
for use as a calibration standard (].). This standard is identified as
AMCO—AEPA-1, which is available from Amco Standard International. Inc.

2:0 INTERFERENCES

Preservation of the sample is not practical and analysis should
begin as soon as possible. Refrigeration or icing to 4 'C, to
minimize microbiological decomposition of solids, is recommended (2,3)
if the sample cannot be analyzed immediately.

The presence of floating debris and coarse sediments which settle
out rapidly will give low readings. Finely divided air bubbles will
give high readings.

3.0 PRECISION AND REPORTING LIMIT

The sensitivity of the instrument should permit detection of a
turbidity difference of 0.02 unit or less in waters having turbidities
less than 1 unit.

4.0 REAGENTS

For turbidity—free water, pass distilled water through a 0.2 pm
Gelman nuclepore filter, if such filtered water shows a lower
turbidity than the distilled water.

5.0 METHODS

5.1 Instrument Conditions

o See the Hach Instruction Manual for the Model 16800,
Portalab Turbidimeter, for operating instructions (4).

A6.3a-1
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o To maximize the intensity of light passing through tht'

solution, the sample tubes must be of clear, colorless glass.

They should be thoroughly cleansed, both inside and, out,

discarded when they. become scratched or etched. They should
be provided with a protective case or be of sufficient length
to prevent any handling on that part of the tube through
which light will pass.

5.2 Standards

The AMCO—AEPA"-l standard as supplied requires no preparation
or dilution prior to use.

5.3 Analytical Method

1. Linear calibration should be performed within six months
of analysis.

a. Empty and rinse chosen cuvette twice with
approximately 5 ml of the highest NTU value in range to be
calibrated.

h. Dry exterior with lint-free paper.

c. Fill cuvette with the highest standard for the range
and insert the cuvette into the instrument well, making
sure to align index marks.

d. Adjust the 'standardize' controls so the instrument
reads the known value.

e. Empty the cuvette, rinse, and fill the same cuvette
with the next lower value for that range. Clean cuvette,
place in instrument, index, and read.

f. Repeat for all standards in that range.

g. Set up tables for standard true values versus
instrument readings. Plot each range on linear paper.

2. Daily calibration should be performed whenever samples are
run and include a blank.

a. If sample and/or standard are refrigerated, allow to
reach room temperature in the cuvette before taking a
reading.

b. Select a clean, scratch—free, indexed cuvette and
rinse twice with 5 ml of the daily calibration standard.

c. Fill and clean cuvette and insert it into the
instrument well, making sure to align the index marks.

d. From the linear calibration curve for the range under

A6.3a-2
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standardization and the known value of the standard,
determine what the reading shoulrl be. Note: .djnst the
instrument to the cal ibration curve value, not to the
value indicated on the bottle of standard.

e. For turbidities less than 40 units, shake the sample
to thoroughly disperse the solids. Wait until air bubbles
disappear, then pour the sample into the turbidimeter
tube.

Read the turbidity directly from the appropriate
calibration curve.

f. For turbidities exceeding 40 units, dilute the sample
with one or more volumes of filtered (0.45—pm pore size)
sample until the turbidity falls below 40 units. Diluting
with water may dissolve some of the turbidity (4).

6.0 CALCULATIONS

Multiply sample readings by the appropriate dilution to obtain final
readings. Report results as follows:

NTU Record to Nearest:

0.0 - 1.0 0.05
I — 10 0.1

10 - 40 l

40 — 100
100 - 400 10
400 — 1000 50

> 1000 100

The data and results are then recorded on the appropriate analytical
worksheet (see Introduction, Section 4.0, of this manual). The
actual conditions during measurement, if different from those called
for in this method, should be noted on the back of the worksheet.

7.0 NOTES

The sample size for all turbidity measurements should be 18 ml. Use
the line on the sample cell as a level indicator. Variations in
sample volume can affect the accuracy of the determinations.

NTU is considered comparable to the Formazin Turbidity Unit (FTU)
and the Jackson Turbidity Unit (JTU).

8.0 REFERENCES

1. EPA 600/4-79-020, Method 180.1.

A6.3a-3
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2. Annual Book of ASTM Standards, Part 31, Water, Standard
D1389—71, p. 223 (1976).

3. Standard Methods for the Examination of Water and Wastewater,
14th Edition, p. 132, Method 214A (1975).

4. Hach Instruction Manual, Portalab turbidimeter, Model 16800.
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Standard Test Method for the Field Measurement of pH
Introduction

Perhaps no water-quality parameter is measured as frequently as pR The pH
measurement is so easily made that the attention given to it is often inadequate. An accurate
pH is critical for the prediction and interpretation of the reactions and migration of
dissolved species. This procedure provides a useful pH measurement under most field
situations.

1. Scope
U This method contains the procedures for the

measurement of pH in an aqueous solution. The
pH is determined using a glass hydrogen-ion elec-
trode compared against a reference electrode of
known potential by means of a pH meter.

2. Referenced Documents

2.1 American Society for Testing and Materials,
Annual BookofASTM Standards, Section 11, Volume
11.01, Dl293—78, 1984.

2.2 American Public Health Association, Ameri-
can Water Works Association, and Water Pollution
Control Federation, Standard Methods for the Exami-
nation of Water and Wastewater American Public
Health Association, Washington, D.C., 1980.

2.3 Korte, N., and D. Ealey, Procedures for Fidd
Chemical Analyses of Water Samples, Technical
Measurements Center, U.S. Department of
Energy, Grand Junction Area Office, GJ/TMC-
07(83), 1983.

2.4 Wood, W.W., 'Guidelines for Collection
and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Techniques of
Water-Resources Iiwesligations of the United States
Geological Survey, Chapter 1)2, Book 1: US. Govern-
ment Printing Office, Washington, D.C., Stock
Number 024—001—02879—4,1976.

3. Hazard Analysis

3.1 No hazards requiring controls have been
identified. Site-specific controls are available in the
planning documents of a particular project

4. Significance and Use

4.1 The pH of a solution is defined as the nega-
tive logarithm to the base 10 of the hydrogen-ion
activity in moles per liter: pH = -log [H-I. Because

A6J+-1

pH is exponentially related to concentration, great
care shall be taken in making the measurement

4.2 Natural waters usually have pH values in
the range of 4 to 9. The primary control over pH in
natural waters is the carbonate system, including
gaseous and dissolved carbon dioxide, bicarbon-
ate, and carbonate ions.

5. Interferences

5.1 Temperature, atmospheric contamination,
and ionic strength are factors that affect pH mea-
surements. The pH measurement is relatively free
from interference from color, turbidity, colloidal
matter, oxidants, or reductants.

5.1.1 Tern peiutuie—The temperature compensa-
tion on a pH meter only permits adjustment of the
electrode slope. It does not compensate for changes
in the potential of the reference electrode, the asym-
metry potential of the glass electrode, or the liquid-
junction potentiaL Nor does it compensate for
changes in pH due to temperature. Thus, the tem-
perature of the buffer and the unknown shall be
recorded at the time of measurement Ideally, their
temperatures shall be within 10°C.

5.1.2 Atmospheric Contamination—Atmospheric
contamination can be a significant problem for
groundwater samples. Dissolved oxygen and car-
bon dioxide can be evolved or dissolved when the
sample is exposed to air, and a considerable change
in pH may result In situ measurements should be
taken where possible but, for groundwater that
must be pumped, the use of a flow cell gives the
best results. See Standard Practice for the Use of a
Flow Cell for Field Measurements [LQ-10(P)1.

5.1.3 Ionic Strength—Because of errors due to
ionic strength (which are not worth correcting in
the field), pH measurements shall be accompanied
by a measurement of the specific conductance. The
pH is a measurement of the hydrogen-ion activity.
An ideal solution is assumed in which other ions
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do not affect the hydrogen activity. This assuxnp-
tion deteriorates if the ionic strength is too high.
Similarly, samples with low ionic strength will
cause difficulties because the resistance of the sam-
ple approaches that of the glass electrode. For best
results, samples with very low ionic strength
should be stirred for a few seconds prior to the
reading. Even then, it may require several minutes
for the reading to stabilize.

5.1.4 High Sodium and Alkalinity—High sodium
and alkalinity may also produce errors in the pH
measurement For pH 9 and a sodium concentra-
tion of 10 moles per liter, a special electrode is
needed. Similarly, any pH value that is less than I
or greater than 9 will have a greater uncertainty
associated with it because the electrode response is
non-Nernstian in these regions.

6. Apparatus
6.1 Numerous pH meters are available; the

meter used should have a temperature compensat-
ing device, a slope adjustment, and be capable of
reading pH to 0.01 units.

6.2 A flow cell to be used for continuous-flow
measurements.

63 Standard pH-buffer solutions of 4.00,7.00,
and 9.00 or 10.00.

6.4 Combination pH electrode.

6.5 Temperature-measuring device capable of
reading temperatures to 0.1 °C.

6.6 DistIlled or deionized water in a squeeze
wash bottle.

6.7 Kimwipes® or equivalent lint-free tissue.

6.8 Disposable beakers, test tubes, or centrifuge
bibe

7. Calibration

7.1 In each case, samplers shall follow the
manufacturer's instructions for the pH meter and
electrode used. Electrodes shall be kept wet when
not in use. Recommended solutions for storage are
the pH 4.00 or pH 7.00 buffer.

7.2 Before use, remove electrode from the stor-
age solution, rinse with distilled water, and blot
dry with a lint-free tissue.

7.3 Adjust buffer solution and electrode to
of the sample temperature. This can be
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done by storing the buffer solutions and electrode
in an ice chest or by letting sample water run over
the buffer bottles and electrode until the tempera-
hires have equilibrated.

7.4 Place the electrode in the pH 7.00 buffer,
adjust the temperature compensation control to the
temperature of the buffer (or use an automatic tem-
perature compensator), and adjust the calibration
control to read the pH of the buffer. The pH of the
buffer is equal to 7.00 only at 25°C; therefore, it is
necessary to use the temperature-correction curve
supplied by the manufacturer of the buffer.

73 Remove the electrode from the 7.00 buffer
rinse with distilled water, and blot dry. Place the
electrode in either pH 4.00 or pH 10.00 buff er.
bracketing the expected pH of the sample. Allow
the reading to stabilize before making adjustments.
Adjust the slope control to read the correct pH,
again consulting the temperature-correction curve
supplied by the manufacturer.

7.6 Rinse electrode with distilled water and blot
dry. Recheck value of the pH 7.00 buffer. The value
shallbewithin±0.O2pHofthecorrectvalue. if
not, repeat steps 7.4,75, and 7.6.

8. Procedure

8.1 The following general procedure supple-
ments the instruction in the instrument-specific
operating manual.

8.1.1 Rinse calibrated electrode (see Section 7)
with distilled water, blot dry, and immerse elec-
trode in the solution.

8.1.2 Use of a flow cell is recommended for
making pH measurements; this reduces the inter-
ferences due to atmospheric contamination, If pos-
sible, in situ measurements are the best

8.1.3 Allow the measurement to stabilize and
record the reading.

8.1.4 Remove the electrode from the solution,
rinse with distilled water, blot dry, and store in
pH 4.00 or pH 7.00 buffer solution.

9. Quality Assurance

9.1 The following information about the field
measurement of pH shall be logged for quality-
assurance documentation.
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9.1.1 Time of the last two-buffer calibration. 9.1.6 Instrument manufacturer and model
The two-buffer calibration shall be performed a number.
minimum of once each hour. 9.1.7 Name of person performing the

9.1.2 Buffer temperature at time of calibration, measurement.

9.13 Sample temperature at time of
measurement 10. PrecisiOn and Bias

9.1.4 Measurement conditions (i.e., in situ,. 10.1 Precision of 0.02 pH units and an accu-
container, or air-exclusion container), racy of 0.05 pH units can be achieved. However,

0.1 pH units represent the limit of accuracy
9.1.5 Source and expiration date of buffers used. under normal conditions.

A6.L4_3



UriC Geotech
53 180

LQ-5(T)
5/90 Rev. 0

Standard Test Method for the Field Measurement of
Specific Conductance

Introduction
Specific conductance is a widely used indicator of water quality. It measures the ability of

water to carry an electrical current under specific conditions. This ability depends on the
presence of ions, their total concentration mobility, and temperature. Specific conductance is
a simple indicator of change within a system and is used as an aid in evaluating whether a
sample is representative of the water in the system.

1. Scope
1.1 This procedure describes the field measure-

ment of the specific conductance of a aqueous sam-
pie. The specific conductance is measured using a
conductance meter and a platinum or stainless
steel electrode.

2. Hrd Analysis
2.1 No hazards requiring controls have been

identified. Site-specific controls are available in the•
planning documents for a particular project

3. Referenced Documents

3.1 American Public Health Association, Ameri-
can Water Works Association, and Water Poilution
Control Federation, StandardMethods for the Exami-
nation of Water and Wastewater American Public
Health Association, Washington, D.C., 1980.

3.2 Korte, N. and D. Ealey, Procedures for Field
Chemical Analyses of Water Samples, Technical
Measurements Center, US. Department of Energy,
Grand Junction Area Office, GJ/TMC-07(83), 1983.

33 Wood, W.W., "Guidelines for Collection
and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Techniques of
Water-Resources Investigations of the United States
Geological Suruey, Chapter DZ.Book 1: US. Govern-
ment Printing Office, Washington, D.C., Stock
Number 024-001—02879—4,1976.

4. Significance and Use

4.1 The specific conductance or conductivity of
a sample is defined as the conductance of the sam-
ple between opposite sides of a cube, 1 centimeter
(cm) in each direction. Because it is impractical
to build electrodes with these characteristics,
electrodes are manufactured in various forms. A
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cell constant is determined by measuring a solu-
tion of known conductivity. Solutions of known
conductivity are purchased or can be made from
reagent-grade KC1. Samplers shall consult operat-
ing instructions for the specific instrument used for
the determination of the cell constant This conduc-
tivity is expressed in micromhos per centimeter
(llmhos/cm).

5. Intereferences

5.1 Temperature, ionic strength, and the deter-
mination of the cell constant are features that affect
the measurement of conductivity.

5.1.1 Tern perature—The conductivity of a solu-
tion increases with temperature at approximately
2 percent per degree C. Significant errors can result
from inaccurate temperature measurements.

5.1.1.1 If the conductivity meter does not have
automatic temperature correction, the sampler can
use the following formula to correct the conductiv-
ity reading for temperature.

where

EmK= 1 + 0.0191(t — 25)

K = corrected conductivity in nthosf cm,
Em measured conductivity in I.rnhos/cm,

and
t = temperature in °C.

5.1.2 Ionic Strength—The conductivity of a solu-
tion is a function of the concentration and charge
of the ions in solution and of the rate the ions move
under the influence of an electrical potential. As the
ionic strength increases, the rate the individual ions
move decreases. Conductivity varies linearly with
ionic strength for values below 1,000 pznhos/cm.
As conductivity increases above 5,000 ji.mhos/,
the line curves significantly; beyond 50,000
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Mmhos/crn, the conductivity is an unsatisfactory
index of ionic concentration.

5.1.3 Cell Constant—The cell constant shall be
checked and verified on a regular basis. A signifi-
cant change in the cell constant indicates that the
electrode needs cleaning or changing. Consult
the instrument operating manual for procedures
to check the cell constant, or see Section 7 of this
procedure.

6. Apparatus
6.1 Specific conductance meter capable of mea-

suring conductivity in the range of 0 to 100,000
i.unhos/cm. This meter should also measure tem-
peratures intherangeof-5°C to5O °C

6.2 Conductivity check solutions. Normally,
0.001 N, 0.01 N, and 0.1 N KU solutions will cover
the range of expected sample conductivity..

63 Distilled or deionized water in a squeeze
bottle.

6.4 Disposable beakers, test tubes, or centrifuge
tubes

65 Kimwipes® or equivalent lint-free tissue

7. Calibration

7.1 An actual calibration of the instrument is
not performed. The cell/instrument calibration is
confirmed by use of standard check solutions as
described below.

7.1.1 Connect the temperature probe and con-
ductivity cell to the instrument.

7.1.2 Rinse the temperature probe and conduc-
tivity cell with distilled water and blot dry with a
lint-free tissue.

7.13 Place the temperature probe and conduc-
tivity cell in the 0.001 NKClstandardandaflow
the readings to stabilize. Record the temperature
and conductivity reading in the field logbook.

7.1.4 Repeat steps 7.3 and 7.4 for the 0.01 N and
the 0.1 N KU standards.

7.1.5 Correctthereadingsto25°Cusingthe
formula in Section 5.1.1.1 and compare these read-
ings to the standard values. If these readings are
within percent of the accepted value, the cell
instrument-calibration check is acceptable.
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7.1.6 If the cell/instrument calibration check is
unacceptable, consult the instrument operation
manual for cell cleaning and instrument trouble-
shooting procedure5.

8. Procedure

8.1 The foilowing general procedure is supple-
mental to the instructions in the instrument-
specific operating manuaL

8.1.1 Rinse the conductivity cell and tempera-
ture probe with several volumes of sample water.

8.12 Immerse the probe and cell in the sample.

8.13 Allow the zeadings to stabilize and record
the temperature and conductivity readings on the
field log form.

8.1.4 Remove the probes from the solution, rinse
with distilled water, blot dry, and store according
to the manufacturer's recommended procedures.

9. Quality Assurance

9.1 The following information about the field
measurement of specific conductance shall be
logged for quality-assurance documentation.

9.1.1 Source and expiration date of standards.

9.1.2 Instrument manufacturer and model
number.

9.13 Date and time of calibration check.

9.1.4 Temperature and conductivity of stan-
dards used to check calibration.

9.13 Sample temperature and conductivity
reading.

9.1.6 Name of person performing the
measurement

10. Precision and Bias

10.1 Precision and accuracy of 5 percent can
be achieved with this procedure at conductivity
readings between 100 and 5,000 J.Lmhos/cm. Read-
ings between 0 and 100 j.zrnhos/cm and above 5,000
jimhos/cm should provide percent precision
and accuracy. Readings above 20,000 jnnhos/cm
shall not be attempted with this procedure.
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Standard Test Method for the Field Measurement of the
Oxidation-Reduction Potential (Eh)

Introduction
Knowledge of a system's oxidation/reduction potential (Eh) is useful for predicting the

migration or attenuation of contaminants in groundwater or surface water. The
measurement, however, should be applied with caution. Only under certain conditions are
Elimeasurementsreliable; theyare primarily used as a descriptive tooL

1. Scope
1.1 This method describes the procedure for the

measurement of the Eli in aqueous samples; it does
not address the theoretical interpietition of the
oxidation-reduction potential. This procedure has
been designed for routine field measurements.

2. Hazard Analysis

2.1 This test method uses a ZoBell solution for
an Eli reference. This solution contains small con-
centrations of potassium cyanide. Potassium
cyanide is a poison and is a Department of
Transportation (DOD-regulated material; its haz-
ard class is Poison B. Samplers shall wear eye pro-
tection and disposable gloves to avoid eye and skin
contact and shall keep the solution away from
strong acids that will liberate hydrogen cyanide
gas, which is extremely toxic.

2.2 Site-specific controls are available in the
planning documents for a particular project

3. Referenced Documents

3.1 American Society for Testing and Materials,
Annual Book of ASTM Standards, Section 11, Volume
11.01, D1498-.76, 1984.

32 Korte, N., and D. Ealey, Procedures for Field
Chemical Analyses of Water Samples, Technical
Measurements Center, US. Department of Energy,
Grand Junction Area Office, GJ/TMC-07(83), 1983.

33 Wood, W.W., "Guidelines for Collection
and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," in Techniques of
Water-Resources Investigations of the United States
Geological Survey, Chapter 1)2, Book 1: U.S. Govern-
ment Printing Office, Washington, D.C.,Stock
Number 024—001—02879—4, 1976.
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4. Significance and Use

4.1 The oxidation-reduction potential is dened
as the electromotive force developed when a noble
metal electrode and a reference electrode are
placed in an aqueous sample. This potential, some-
times referred to as the redox potential, is related
to the standard potential by the Neriist equation:

where

oxidized state
Eli = E° + In reduced state

E° = standard potential of the reaction,

R = gas constant,

T = absolute temperature,
F = Faradayconstant, and

n = number of electrons involved
in the half-cell reaction.

The potential is reported as volts (V) or
millivolts (my) relative to the standard hydrogen
electrode taken as zero.

5. Interferences

5.1 Eh is sensitive to temperature change of the
solution. Because the reference-electrode potential
and the liquid-junction potential also vary with
temperature, instrumental compensation is not
possible. Reference solutions used to check the
accuracy of the electrode system should be within

of the sample temperature for the readings
to be valid.

5.2 Reproducible Eh measurements cannot be
obtained for chemical systems that are not revers-
ible. Samples containing dissolved oxygen above
0.01 parts per million (ppm) are essentially irrevers-
ible, and Eli measurements are not recommended.
Since exposure to the atmosphere can cause rapid
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changes in dissolved oxygen, all sample measure-
ments shall be taken in a closed, flow-through con-
tainer or in situ.

5.3 Samples containing hydrogen sulfide will
poison the electrode as will other ions that are
stronger reducing agents than platinum.

5.4 Eli measurements are relatively free from
interferences from color, turbidity, colloidal
matter, and suspended matter.

6. Apparatus
6.1 Most field pH meters have the capability

of measuring Eh by substitution of an appropriate
set of electrodes. The meter should be capable of
measuring Eli to mV.

6.2 Combination Eli electrode.

63 ZoBell reference solution.

Caution; This solution is poisonous and shall
be handled with care. Potassium cyanide
is a DOT-regulated material; its hazard class is
Poison B.

6.4 Temperature-measuring device capable of
reading temperatures to 0.1 °C.

6.5 A flow cell. See Standard Practice for the Use
of a Flow Cell for Field Measurements [LQ-10(P)].

6.6 Distilled or deionized water in a squeeze
wash bottle.

6.7 Kimwipes® or equivalent lint-free tissue.

6.8 Disposable beakers, test tubes, or centrifuge
tubes.

7. Calibration

7.1 An actual calibration of the Eli electrode sys-
tem is not performed. Instead, samplers shall make
a performance check to determine if the electrode
and meter are functioning properly. The perfor-
mance check is as follows:

7.1.1 Record temperature of ZoBeil solution.
This solution should be within of sample
temperature.

7.12 Place electrode in the ZoBeli solution and
compare the reading with the theoretical value for
the ZoBell solution (see Figure 1). The reading
should be within mV of the theoretical value.

A6.6-2
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F7gure 1. The Potential of ZoBell Solution Relative
to Reference-Electrode Systems at
Vanous Temperatures

7.13 If the reading is not within 10 mV,
one of the following steps will usually solve
the problem.

7.13.1 Check reference electrode filling solu-
tion; fill or replace.

7.132 Polish the platinum end of the electrode
(see manufacturer's instructions).

7.133 Replaceelectrode.

7.1.4 Rinse electrode with distilled water
blot dry, and store according to manufacturer's
suggestions.

8. Procedure -

8.1 Check electrode performance according to
Section 7.1.2.

82 Rinse electrode with distilled water and blot
dry with a lint-free tissue.

83 Place electrode in flow-through cell and
pump sample through ceil for several minutes to
exclude air.
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40

8.4 Turn function switch on meter to the milli-
volt mode. 35

8.5 Allow the readings to stabilize. Stabilization ChetIQsof potential with temperature
— 0.428 — 0.0022 (t — 25)

should occur within 20 minutes. Turn off sample where I - temperature in

flow to prevent any streaming potentiaL
30 (Ivan Barnes. oral CommunicatIon. 1972)

\
8.6 Record the Eh reading and temperature. \
8.7 Remove the electrode from the cell, rinse -0

with distilled water, blot dry, and store according
to manufacture's suggestion.

ZQ
Lu
0.9. QualityAssurance \
I-

9.1 The following information about the Eli
measurement shall be logged for quality-assurance
documentation.

9.1.1 Temperature of sample. \
9.1.2 Temperature of ZoBeil solution.

9.13 Eli of ZoBell solution.

9.1.4 Theoretical Eh of ZoBeil solution relative _______________________________0
to the reference electrode used (Figure 1). '°° 440 480 500

MILLIVOLTS

9.1.5 Eli of sample. Figure 2. The Potential of ZoBell Solution, Relative
to the Standard Hydrogen Electrode

9.1.6 Theoretical Eh of ZoBeil solution relative at Various Temperatures.to the standard hydrogen electrode (Figure 2).

9.1.7 Name of person performing the B = ObservedEli of ZoBell solution, and
measurement. C = TheoreticalEli of ZoBell solution relative

to the standard hydrogen electrode.
10. Calculation

Report D to the nearest mV.
10.1 The Eh of the sample is calculated relative

to the standard hydrogen electrode as follows: fl. Precision and Bias

D A -B + 11.1 Precision and accuracy of the measurement
depend largely on the condition of the electrode

where system and the degree to which the sample fits the

0 = Eli of sample relative to the standard interference Foblems mentioned in Section 5. In

hydrogen electrode,
the absence of substances that coat or poison the
electrode, the precision is mV.

A = Observed Eli of sample,

A6.6—3
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Standard Test Method for the
Field Measurement of Alkalinity

Introduction
The alkalinity of a water sample is a quantitative measurement of the ability of the

sample to react with a strong acid to a designated pR The alkalinity of natural waters is
primarily a measure of the carbonate, bicarbonate, and hydroxide content. It is also a
general indicator of groundwater quality.

1. Scope
1.1 This method desaibes the field measure-

ment of alkalinity of aqueous samples. It is a mea-
sure of the aggregate property of the sample and
can be interpreted in the terms of specific sub-
stances, such as carbonate and bicarbonate, only
when the chemical composition of the sample is
known.

12 The sample is titrated with a standard
acid solution to a designated pH, and the end
pointisdeterminedbyacolorchangeofait
internal indicator.

2. Hazard Analysis

2.1 This test procedure uses sulfuric add
(H2S04). Sulfuric acid is a corrosive material and is
a Department of Transportation (DOT)-
regulated material; its hazard class is Corrosive
Uquid. Avoid contact with eyes, skin, and clothing.
Adequate ventilation, eye protection, and dispos-
able gloves are required. First aid for eye and skin
contact is to immediately flush with water for 15
minutes, remove contaminated clothing and call
a physician.

2.2 Site-specific controls are available in the
planning documents for a particular project

3. Referenced Documents

3.1 American Public Health Association, Stan-
dard Methods for the Examination of Water and
Wastewater, American Water Works Association,
and Water Pollution Control Federation, Washing-
ton, D.C., 1980.

A6.7-1

3.2 American Society for Testing and Materials,
Annual Book of ASTM Standards, Section 11, Volume
11.01, 1984.

3.3 Korte, N. and D. Ealey, Procedures for Fidd
Chemical Analyses of Water Samples, Technical
Measurements Center, U. S. Department of Energy,
Grand Junction Area Office, GJ/TMC-07(83), 1983.

3.4 Wood, W.W., "Guidelines for Collection
and ReId Analysis of Ground-Water Samples for
Selected Unstable Constituents," Techniques of
Water-Resources Investigations of the tIn itetiStates
Geological Suney, Chapter D2, Book 1: US. Govern-
ment Printing Office, Washington, D. C., Stock
Number 024—001—02879—4,1976.

4. Significance and Use

4.1 The alkalinity of natural water is commonly
used to obtain a value for the carbonate and bicar-
bonate concentrations. Carbonate and bicarbonate
determinationsshallbemadejnthefleldatthe
time of sampling if the concentrations are to accu-
rately reflect those concentrations originally pres-
ent in the sample.

4.2 The following equations govern the reac-
tions involved.

C03 + H= HCO3 (this reaction is complete near
pH 8.3),

HCO3 ÷ H =HO + C02 (this reaction is com-
plete near pH 4.5).

The end point of pH 83 is determined by the
color change of the phenolphthalein indicator,
and the end point of the pH 4.5 is determined by
the color change of the Bromocresol Green-Methyl
Red indicator.



53 186
UivC Geotech

Note: If the measured pH of the sample is less
than 4.5, there is no carbonate or bicarbonate alka-
liiuty and this test method is not applicable.

5. Interferences

5.1 The measured values may include contribu-
tions from borates, phosphates, or silicates if these
are present in the sample.

5.2 Natural color or the formation of precipitate
while titrating the sample may mask the color
change of the indicator, or waste materials may
interfere chemically with the color change by
destroying the indicator.

53 Varying results may be experienced with
samples containing oxidizing or reducing sub-
stances.

6. Apparatus
6.1 Hach alkalinity test kit Model AL-Ui'. (This

kit contains sulfuric acid which is a DOT-regulated
material; its hazard dass is Corrosive Liquid.)

6.2 Distilled or deionized water in a squeeze
bottle.

6.3 Kimwipes® or equivalent lint-free tissue.

7. Procedure

7.1 Attach a dean, straight-stem delivery tube
to a sulfuric acid titration cartridge. If the expected
alkalinity is below 100 milligrams per liter (mg/L)
as CaCO3, use a 0.16 N I-12S04 cartridge; if it is
above 100 mg/L as CaCO3, use a 1.6 N H2S04 car-
tridge; or if it is above 1,000 mg/L, use a 8.0 N
H2S04 cartridge. Twist the cartridge onto the
titrator body.

7.2 Flushoutthedeliveiytubebyturningthe
small knob until a few drops of titrant are ejected
from the tube. Wipe the tip and reset the counter
to zero. Ensure that there are no air bubbles in the
cartridge.

73 Take a sample by filling a dean 100-mL
graduated cylinder to the 100-mL mark with water
that has been filtered through a 0.45 micrometer
(un) filter. Pour the sample into a dean 250-mL
Erlenmeyer flask

A6.7-2

7.4 Measure the pH of the sample, see Standard
Test Method for the Field Measurement of pH
[LQ-4(T)]. If the pH of the sample is less than 8.3,
proceed to step 7.8; if the pH of the sample is
greater than 83, proceed to step 7.5.

73 Add the contents of one Phenolphthalein
Indicator Powder Pillow and swirl to mix.

7.6 If the color turns pink, titrate with the sulfu-
ric acid standard solution to a colorless end point.
If the pink color does not develop, proceed with
step 7.8.

7.7 Read and record the amount of acid used.
This is the amount of carbonate alkalinity, some-
times referred to as phenolphthalein alkalinity. See
Section 8 for calculations.

7.8 Add the contents of one Bromocresol Green-
Methyl Red Indicator Powder Pillow to the sample
and swirl to mix.

7.9 Titrate the sample with the sulfuric acid
standard solution until a light pink color is
obtained. Read and record the amount of acid
used. This is the amount of total alkalinity. See
Section 8 for calculations.

7.10 Pour the titrated sample into a properly
labeled disposal container, rinse the Erlenmeyer
flask and the graduated cylinder with distilled
or deionized water, and place the items back in
the kit.

8. Calculations

8.1 The results are reported in mg/L of CaCO3.
The calculation depends on the normality of the
sulfuric acid titration cartridge used. The calcula-
tions are performed as follows.

8.1.1 When using the 0.16 N H2S04 titration car-
tridge, the digital readout from the tifrator is multi-
pliedbyo.1 toobtainalkalinityresultsinmg/Las
CaCO3.

8.1.2 When using the 1.6 N H2S04 titration car-
tridge, the results from the digital readout of the
titrator are equivalent to mg/L as CaCO3

8.13 When using the 8.0 N H2S04 titration car-
tridge, the results from the digital readout of the

LQ—7(T)
5/90 Rev. 0



UnC Geotech

titrator are multiplied by 5.0 to obtain alkalinity in
mg/L as CaCO3.

9. Quality Assurance

9.1 The following information about the field
measurement of alkalinity shall be logged for
quality-assurance documentation.

9.1.1 Normality of the titration cartridge

9.1.2 Phenolphthalein alkalinity.

9.13 Total alkalinity.

9.1.4 Name of person perfrming the
measurement

53 187
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10. Precision and Bias

10.1 Under normal conditions, precision and
accuracy of percent can be expected from this
procedure.

A6.7-3
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1. Scope

1.1 This procedure gives general guidance and
recommendations that shall be considered when
taking a temperature measurement. There are
numerous instruments on the market that can
provide adequate temperature measurements.
Each instrument-operating manual shall be con-
sulted for detailed procedures.

2. Hazard Analysis

2.1 No hazards requiring controls have been
identified. Site-specific controls are available in the
planning documents for a particular project

3. Referenced Documents

3.1 American Public Health Association, Stan-
dard Methods far the Examination of Water and
Wastewater, American Water Works Association,
and Water Pollution Control Federation, Washing-
ton, D.C., 1980.

32 Wood, W.W., "Guidelines for Collection
and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Techniques of
Water-Resources Investigations of the United States
Geological Survey, Chapter 1)2, Book 1: U.S Govern-
ment Printing Office, Washington, 0. C, Stock
Number 024—001—02879—4,1976.

4. Significance and Use

4.1 Temperature is a basic physical property
that is measured by the response of matter to heat
There are many devices that, once calibrated, are
acceptable for taking temperature measurements.

These devices include liquid in glass (mercury in
glass), thermocouples, bimetallic, and electrical-
resistance thermometers. At a minimum, the device
should measure temperature to 0.1 °C readability.

5. Interferences
5.1 The instrument-operating manual shall be

consulted to identify any interferences particular to
the device being used.

52 In general, the true sample temperature is
affected by the atmospheric temperature of the sur-
roundings and the temperature of the devices used
to collect the sample.

6. Apparatus
6.1 Temperature-measuring device.

6.2 Distilled or deionized water in a squeeze
wash bottle.

63 Kimwipes® or equivalent lint-free tissue.

7. Calibration
7.1 The instrument-operating manual shall be

consulted for specific calibrating procedures.

8. Procedure

8.1 Rinse the thermometer with distilled or
deionized water and blot dry.

82 Immerse the thermometer in the sample.

83 Allow the reading to stabilize and record
the temperature.

Standard Test Method for the
Field Measurement of Temperature

Introduction
Temperature readings are important for numerous applications. They are used in the

measurement of Eh, pH, conductivity, and dissolved oxygen; and in saturation and stability
studies. it is important to know the temperature of surface waters and groundwaters for the
accurate geochenucal evaluation of equilibrium thermodynamics. Temperature readings of

are necessary for the above applications.

A6.8-1



3 189
LQ-8(T) Ui,C Geotech5/90 Rev. 0

9. Quality Assurance 9.13 Name of person performing the
measurement.

9.1 The foUowing information about the
temperature measurement shall be logged for and Bias
quality-assurance documentation.

10.1 Precision is insthiment-dependent9.1.1 Instrument used.
Most measurement devices for field use are

9.1.2 Temperature of sample. accurate to 0.1 °C.

A6.8-2
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE Standard Test Method for the Field Measurement of issoved Oxygen

PROJECT or SITE Air Force Plant 4

8. Procedure

8.1.2 The standard test method states: "Move the probe through the water or
pump through a flow cell to ensure a velocity of at least 1 foot per second
past the probe.' At AFP4, a YSI stirring device will be attached directly to
the tip of the sampling probe that guarantees a minimum velocity of at least 1
foot per second. A separate flow cell, designed to prevent atmospheric
contact with the sample stream, and incorporating the probe arid stirrer will
be used to take the measurements.

A6.9-1
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Standard Test Method for the
Field Measurement of Dissolved Oxygen

Introduction
Dissolved oxygen (DO) is required for the survival and growth of many aquatic

organisms and the absence of dissolved oxygen may permit anaerobic decay of organic
matter arid the production of toxic and esthetically undesirable materials in the water. The
measurement of dissolved oxygen is needed to accurately characterize the oxidation-
reduction potential of a hydrologic system and can be an indicator of atmospheric contact of
water before recharge to an aquifer.

1. Scope
1.1 This method contains the field procedures

used to determine dissolved oxygen in aqueous
samples using a polarographic technique with a
membrane-covered electrode. The probe method is
much more rapid and efficient than other methods,
has fewer interferences, and can be used for contin-
uous monitoring.

2. Referenced Documents

2.1 American Public Health Association, Ameri-
can Water Works Association, and Water Pollution
Control Federation, Standard Methods for the Exami-
nation of Water and Wastewater American Public
Health Association, Washington, D.C., 1980.

2.2 American Society for Testing and Materials,
Annual Book of ASTM Standards, Section 11, Volume
11.01, 1984.

2.3 Wood, W.W., "Guidelines for Collection
and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Techniques c
Water-Resources Investigations for the United States
Gealogical Survey, Chapter 02. Book 1: US. Govern-
ment Printing Office, Washington, D.C., Stock
Number 024—001—02879-4,1976.

2.4 l'Zorte, N. and 0. Ealey, Procedures for Field
Chemical Analyses for Water Samples, Technical
Measurements Center, US. Department of Energy,
Grand Junction Area Office, GJ/TMC-07(83), 1983.

3. Hazard Analysis

3.1 This test method uses sodium sulfite and
cobaltous chloride for the preparation of the
zero-oxygen check solution. These chemicals are
toxic in the concentrated form and the following
precautions must be taken in the preparation of
this solution. Avoid contact with the eyes and skin.

A6.9-2

Avoid breathing suspended particles. Adequate
ventilation, eye protection, and disposable gloves
are required. First aid for eye contact is to flush the
eyes with water for 15 minutes and contact a physi-
cian. First aid for skin contact is to wash the area
thoroughly with soap and water.

3.2 Site-specific controls are available in the
planning documents for a particular project.

4 Significance and Use
4.1 Oxygen-sensitive membrane electrodes are

composed of two solid metal electrodes separated
from the sample by an oxygen-permeable mem-
brane. The membrane serves as a diffusion barrier
against impurities. The rate of oxygen diffusion
across the membrane creates a current that is
directly proportional to the amount of dissolved
oxygen in the sample. This current is converted to
concentration units during the calibration.

5. Interferences

5.1 Membrane electrodes are sensitive to tem-
perature variations. Most DO meters have auto-
matic temperature compensators that correct for
these variations. If not, thermal equilibrium must
be established between the sample being measured
and the calibrating solution.

52 Oxygen-permeable membranes are also
permeable to other gases that can affect the mea-
surement Chlorine and hydrogen sulfide will even-
tually desensitize the probe during long-term
exposures. These gases are not normally found in
groundwater samples, or their concentrations are
too small to cause significant problems.

53 Because atmospheric oxygen is rapidly
absorbed by water samples, use of an air-exclusion
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chamber is required if in situ measurements cannot 7.13 Plug probe into instrument andwait
be made. about 15 minutes for the probe to polarize.

7.1.4 Turn the control knob to ZERO and adjust
6. Apparatus if necessary

6.1 Dissolved oxygen meter, Yellow Springs 7.1.5 Turn the salinity knob to FRESH. A salin-
InstrUments (YSI) Model 57. ity correction will not be needed because the call-

6.2 Yellow Springs li thuneits (YSI) 5739 bration is performed with distilled water.

dissolved-oxygen probe. 7.1.6 Insert the probe about 4 centimeters (cm)
63 Bottle of electrolyte and extra membranes into the open end of the bottomless plastic storage

for probe. bottle containing a small sponge soaked with
deionized water. Ensure that there is a tight fit

6.4 Sodium sulfite and cobaltous chloride, between the probe and bottle and that there are no
6.5 Distilled or deionized water in a squeeze droplets of water on the probe membrane.

wash bottle. 7.1.7 Allow at least 10 minutes for the system to
6.6 Klmwipes or equivalent unt-free tissue reach constant temperature and 100 percent rela-

tive humidity. Be careful that this step is carried
6.7 Flow cell, see Standard Practice for the Use out in a constant temperature environment. Typi-

of a Flow Cell for Field Measurements LQ-l0(T)]. cally, bathe the bottle in a stream of the water to be
tested, or at least keep the bottle in the shade dur-

7. Calibration ing equilibration.
7.1 The following steps describe the calibration 7.1.8 Turn the meter control knob to TEMP

of the YSI MOdel 57 meter and the YSI 5739 probe position and read the temperature inside the bottle
in water-saturated air. to the nearest 05 °C,

7.1.1 Adjust the mechanical ZERO with the 7.1.9 Determine the DO saturation value in
instrument turned OFF. part per million (ppm) for that temperature from

Table 1.7.1.2 Turn the control knob to the "red line"
position and adjust if necessary. 7.1.10 Determine the correction factor from

Table 2 on the basis of either the atmospheric
pressure (most accurate method) or the altitude

Table 1. DlssotvedOxygen Saturation Values at Various Temperatures

Temp
(°C)

S.t
Valu
(ppm)

Sat
Valu.
(ppm)

Sat
Valui
(ppm) P Sat

Value
(ppm)

0 14.8 12 10.8 35 8.5 36 7.0
1 14.2 13 10.6 25 8.6 37 6.8
2 13.9 14 10.4 26 8.2 38 6.7
3 13.5 15 10.2 27 8.1 39 6.6
4 13.2 16 9.9 28 7.9 40 6.5
5 12.8 17 9.7 29 7.8 41 6.4
6 12.5 18 9.5 30 7.7 42 6.3
7 12.2 19 9.3 31 7.5 43 6.2
8 11.9 20 9.2 32 7.4 44 6.1
9 11.6 21 9.0 33 7.3 45 6.0

10 11.3 22 8.8 34 7.2
11 11.1 23 8.7 35 7.1

A6.9-3
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above sea leveL aables 1 and 2 are also available
on the back of the YSI 57).

Table 2. Correction Factors forDissolved Oxygen
Saturation Values as Determined by
Pressure or Altitude

Pressure
(mm)

Altitude
(ft)

Correction
Factor

775 —540 1.02

760 0 1.00
745 542 0.98

730 1094 0.96

714 1688 0.94 •

699 2274 0.92
684 2864 0.90

669 3466 0.88
654 4.082 0.86

638 4756 0.84

623 5403 0.82

608 • 6065 0.80
593 6744 0.78
578 7440 0.78
562 8204 0.74
547 8939 0.72
532 9694 0.70
517 10472 0.68
502 11272 0.66

7.11 Multiply the correction factor by the satura-
tion value to obtain the calibration value.

7.12 Turn the meter control knob to the desired
range and adjust the calibration knob to set the
meter to the calibration value.

7.13 Perform zero oxygen check as follows. Pre-
pare a solution containing 1 gram of sodium sulfite
(Na2SO3) and about 1 milligram of cobaltous chlo-
ride (CoCi,J in I liter of deionized water. Insert the
probe into this solution and measure the dissolved
oxygen. The instrument will read less than 0.2 mil-
ligram per liter (mg/L) if the probe is functioning
properly.

Caution: These chemicals are toxic in the con-
centrated form. Avoid eye and skin contact by
weanng eye protection and disposable gloves.

A6.9-4

7.14 Leave the meter turned on during the entire
day on which measurements are being taken.

Note: If the high sensitive membrane (0.0005-
inch thick FEPTeflon®) is being used on the
probe. the DO readings from the meter must all be
divided by 2 to obtain the true DO value.

8. Procedure

8.1 The following steps outline the field
measurement of dissolved oxygen using the YSI
Model 57.

8.1.1 Remove the probe from the storage bottle
and place it in the solution to be measured. An in
situ measurement is preferred. If the sample is
being pumped from a well, the measurement shall
be made in an air-exclusion celL

8.1.2 Move the probe through the water or
pump through a flow cell to ensure a velocity of at
least 1 foot per second past the probe. This prevents
depletion of oxygen at the membrane-water
interface.

8.1.3 Turn the meter control knob to TEMP
position and record the temperature to the nearest
0.5°C.

8.1.4 Turn the meter control knob to the proper
DO scale; after the meter reading has stabilized,
record DO concentration to the nearest 0.1 mgIL

Note: If the the high-sensitive membrane
(0.0005-inch thick FEP Teflon®) is being used, the
readings need to be divided by 2 to obtain the DO
concentration.

8.1.5 Remove the probe, rinse with distilled
water, blot dry, and return the probe to the
storage bottle.

9. Quality Assurance

9.1 The following information about the field
measurement of dissolved oxygen shall be logged
for quality-assurance documentation:

9.1.1 Date and time zero check was last
performed.

9.1.2 Atmospheric pressure or altitude.

9.1.3 Temperature of calibration chamber.

9.1.4 DO saturation from table.

9.1.5 Correction factor used for altitude or
pressure.
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9.1.6 Calibration value.

9.1.7 Sample temperature.
9.1.8 Measured DO.

9.1.9 Instrument manufacturer and model
number.

A69-5

9.1.10 Name of person performing the
measurement.

10. Precision and Bias

10.1 Under normal conditions, precision an
accuracy of±0.5 mg/L can be expected from
this procedure.

LQ.-9(T)
5/90 Rev. 0
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Standard Practice for the Use of a
Flow Cell for Field Measurements
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Introduction
Reliable field measurements are an essential part of a groundwater sampling program.

Some properties or constituents in groundwater may change considerably within a few
minutes of collection. These changes are caused by turbulence, heating or cooling,
depressurization, and gas exchange with the atmosphere. Use of a dosed flow-through cell
will minimize these changes.

L Scope
1.1 This procedure describes the use of a closed

flow-through cell for monitoring selected chemical
parameters in groundwater. The cell is used when
monitoring the purging of stagnant water from
monitoring wells prior to sample collection and for
the measurement of pH, Eh, conductivity, tempera-
tore, and dissolved oxygen under conditions as
dose to in situ as practical. A flow-through cell can
be purchased from various suppliers or can be con-
structed as described in references 3.1 and 3.2.

2. Hazard Analysis

2.1 No hazards requiring coxthols have been
identified. Site-specific controls are available in the
planning documents for a particular project

3. Referenced Documents

3.1 Garske, R, and R. Schock, "An Inexpensive
Flow-Through Cell and Measurement System for
Monitoring Selected Chemical Parameters in
Ground Water," Ground WaterMonitoring Review,
Summer 1986.

32 Korte, N.,and D. Ealey, Procedures for Field
Chemical Analyses of Water Samples, Technical Mea-
surements Center, US. Department of Energy,
Grand Junction Area Office, GJ/TMC-07(83), 1983.

3.3 Wood, W.W., "Guidelines for Collection
and Field Analysis of Ground-Water Samples for
Selected Unstable Constituents," Chapter D2 in
Techniques of Water-Resources Investigations of the
United States Geological Surteij, Book 1,1976.

4. Significance and Use

4.1 Flow cells allow the sampler to obtain test
results that are more representative of conditions
found in the water when it resided in the ground.

That is, fewer chemical and physical changes occur
if the test is made immediately through a flow cell
than if the water is exposed to air and to a longer
period of time before measurements are made.

5. Apparatus
5.1 Flow-through cell.

52 Stoppers, fittings, valves, and tubing, as
required.

6. Procedure

6.1 Connect the pump outlet to the inlet of the
flow cell.

6.2 Insert calibrated electrodes into the flow cell.

6.3 Turnonthepumpandpumpthewater
through the flow cell and into a container where
the pH buffers and other calibrating solutions are
submerged to allow them to reach the sample-
water temperature. Another technique to get cali-
brating solutions close to sample temperature is to
store the solutions in an ice chest with ice. The
requirement is to have the calibrating solutions
within degrees of the sample temperature.

6.4 Once temperature equilibrium has been
established between the sample water, electrodes,
and calibrating solutions, the electrodes shall
be recalibrated.

63 Recheck electrode calibration as necessary
during the purging of the well and just prior to
sampling.

6.6 Turn off the pump, disconnect the tubing,
and remove the electrodes form the flow cell.

6.7 Clean the flow cell with distilled water and
prepare for sample collection.

A6. 10-
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7. Procedure Bias

7.1 Theflow rate through the cell shall not be
more than I liter per minute (L/m). If flow rates
exceed 1 L/rn. streaming potentials could occur.
Streaming potentials are caused by the static-
charge effect of water moving through small open-
ings. These potentials can cause enoneous pH
readings. If necessary, reduce the flow rate or stop
pumping to take readings.

A6JO-2

7.2 The cell assembly, electrodes, and hoses
should be insulated or kept out of direct sunlight
to reduce the effect of atmospheric temperature on
the readings.

8. Quality Assurance

8.1 The use of a dosed flow-through cell should
be noted on the sample documentation form or in
the field logbook.

LQ-iO(P)
5/90 Rev. 0
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE Standard Practice for the Sampling of Liquids

PROJECT or SITE Air Force Plant 4

Sampling of Liquids Using Bailers - Support Line

Bailers used for monitor well sampling or purging shall be lowered and raised
with a Teflon coated, stainless steel braided line. This line will be
decontaminated after use at each well following the methods outlined in
Section A—13. If the fluid level measurements taken prior to sampling
indicate the presence of a light nonaqueous phase liquid (L'JAPL), a disposable
nylon line shall be used for bailing operations and disposed of upon
completion of activity at each well.

A6. 11 - 1
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Standard Practice for the Sampling of Liquids
introduction

The type of samplingequipment shall depend on the sample to be collected, which
analytes the sample is being collected f or, and the site-spedfic requirements such as depth
to water depth of well, etc Because each sampling situation is unique, the equipment used
and its application may have to be modified to ensure that a representative sample is
collected and its physical and chemical integrity is maintained.

L Scope

Method A—Sampling With a
Peristaltic Pump

Method C—Sampling With a Bailer

Method D—Sampling With a
Submersible Pump

Method E—Sampling With a Composite
Liquid Waste Sampler (COLIWASA)

Method C—Sampling by Container
Immersion

Method H—Sampling From Taps, Valves,
or Faucets

Method A
Sampling With a Peristaltic Pump

2. Hazard Analysis

batteries so as not to generate sparks that have the
potential of eating an explosive hazard.

2.1.3 Gasoline is a Department of
Transportation-regulated material; its hazard class
is Flammable Liquid. Gasoline shall be stored in
Factory Mutual-approved safety cans. Safety cans
shall be well secured in the vehicle during trans-
port Gasoline-powered equipment shall be cool
before filling, and care should be taken not to spill

Section
gaso1ine

2.1.4 Air compressors shall not be operated
above rated capacities and shall be configured so
as not to have any dead-end fittings above 20

11-13 pounds per square inch (psi).

3. Referenced Documents

3.1 American Society for Testing and Materials,
Standard Guide for Sampling Ground water Monitoring2325 Wells, D4448-85a, 1986.

32 U. Department of Energy, The Environmen-2628 tal Suroeij Manual, Appendix E, Volume 4,
DOE/EH-0053, 1987.

3.3 U.S. Environmental Protection Agency,
Handbook Groundwater, EPA/625/6-87/016, 1987.

3.4 U.S. Environmental Protection Agency,
Practical Guide for Groundwater Sampling,
EPA/600/2—85/104, 1985.

3.5 U.S Environmental Protection Agency,
Test MethOds for Ezaluating Solid Waste (SW-846),
Volume 2,1986.

4. Significance-and Use

4.1 The usefulness and limitations for each
of the first four sampling methods are listed in

1.1 The procedures listed here are used to collect
liquid samples. There are eight methods that can
be used to collect liquid samples. Some sampling
situations use a combination of these methods. For
example, a peristaltic pump could be used to collect
the inorganic samples and a bailer used to collect
the organic samples. The eight methods are:

Method B—Sampling With a Bladder Pump 8—10

Method F—Sampling With a Dip-
Type Sampler 20-22

2.13 Care shall be taken when lifting heavy

14—16 equipment proper lifting techniques shall be used.
2.1.6 Site-specific controls are available in the

17—19 planning documents for a particular site.

2.1 These procedures use gasoline-powered
electric generators, gasoline-powered air compres-
sors, and battery-powered pumps and accessories.
The following safety precautions shall be followed.

2.1.1 Air compressors that are belt-driven shall
have a belt guard in place.

2.1.2 Care shall be taken when connecting and
disconnecting equipment powered by lead-acid

A6. 11-2
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General Considerations for the Sampling
[LQ—1 (C)], Table I through Table 5. COLIWASA
samplers are useful to obtain representative sam-
ples of multiphase materials from drums or other
containerized vessels. Limitations are their relative
high costa and the difficulty of decontaminating the
sampler. Dip samplers only collect grab samples
with a limited vertical extent The sampler must be
aware of this limitation and also exclude surface
debris or films from liquid surfaces if this is not de-
sired. Contamination from plumbing is a primary
concern when sampling taps, valves, or faucets.

5. Apparatus

5.1 Peristaltic-type pump.

5.2 Silicone, CFLEX®, or Norprene® tubing
for the pump head.

5.3 Silicone, Teflon®, polyethylene. or vinyl
tubing for placing in the liquid to be sampled
(suction line). -

5.4 Generator or other source of electricity.

6. Procedure

6.1 The following procedure supplements the
instruction in the instrument-specific operating
manual

6.1.1 Place the suction line in the liquid to be
sampled. If sampling a monitoring well, place the
tubing inlet just above the screened intervaL

6.1.2 Connect the suction line to the pump.

6.1.3 Turn on the pump and adjust the flow rate
so sample turbulence is at a minimum. Allow sev-
eral liters to flow and recheck stability parameters
(i.e., pH, conductivity, and temperature).

6.1.4 Pill the necessary sample bottles by allow-
ing the pump discharge to flow gently down the
side of the bottle with minimal turbulence.

6.1.5 LabeL preserve, and document the sam-
ples as required.

6.1.6 Remove the tubing from the liquid and
clean and decontaminate as required.

A6.fl—3

7. ProcedureBias

7.1 Sampling organi using a peristaltic pump
is not recommended. The suction lift action will
sthp volatiles and degas the sample. The silicone
tubing tends to absorb some organi and slowly
release them, contaminating subsequent samples.

Method B
Sampling With a Bladder Pump

8. Apparatus

8.1 Bladder-type pump.
8.2 Air compressor.

8.3 Teflon®, polyethylene, or viny! tubing for
the air and sample line.

9. Procedure

9.1 The following procedure is supplemental
to the instruction in the instrument-specific operat-
ing manual

9.1.1 Lower the pump gently to a position just
above the screened interval.

9.1.2 Connect the air line to the pump controller.

9.1.3 Initiate pumping and allow several liters
of water to be pumped prior to sample collection
(recheck stability parameters, Le., pH, conductiv-
ity, and temperature).

9.1.4 Fill the necessary sample bottles by allow-
ing the pump discharge to flow gently down the
side of the bottle with minimal turbulence.

9.1.5 Label, preserve, and document the sam-
pies as required.

9.1.6 Remove the pump from the well, clean
and decontaminate as required.

10. Procedure Bias

10.1 Bladder-y'pe pumps constructed of stain-
less steel, Teflon, or both provide superior perfor-
mance for most applications. The use of Teflon®
sample and air-line tubing allows the bladder
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pump to be used for the collection of organi. The
main disadvantage is the slow pumping rate, large
consumption of compressed air, and difficulty in
cleaning and decontaminating.

11. Apparatus

Method C
Sampling With a Bailer

11.1 Teflon® or stainless steel bailer.

11.2 Teflon® or stainless steel cable or line.

11.3 BailerreeL

12. Procedure

12.1 Attach a properly cleaned bailer to the
cable or line.

12.2 Lower the bailer slowly until it contacts the
liquid.

12.3 Allow the bailer to sink until it reaches the
saeened interval of the well or the desired sam-
pling point.

12.4 Slowly raise the bailer to the surface.

12.5 Tip the bailer or use a bottom-emptying
device and fill a container to recheck the
stability parameters (i.e., pH, conductivity, and
temperature).

12.6 Repeat steps 12.2 through 12.5 as many
times as necessary to fill the sample bottles.

12.7 Label, preserve, and document the samples
asrequired.

12.8 Clean and decontaminate the bailer as
required.

13. Procedure Bias

13.1 Bailers consu,icted of Teflon®, stainless
steel, or both provide adequate performance for
most applications. Bailers expose part of the sample
to the atmosphere during sample withdrawal and
should not be used to collect samples where con-
tact with the atmosphere is important (i.e., field
measurement of dissolved oxygen and Eh). A
bottom-emptying device is recommended for the
collection of volatile organics using a bailer.

Method D
Sampling With a Submersible Pump

14. Apparatus

14.1 Submersible-type pump.

14.2 Discharge tubing of vinyl, polyethylene, or
Teflon®.

14.3 Power source of generator or batteries.

15. Procedure

15.1 The following procedure is supplemental
to the instructions provided in the instiument-
specific operating manual.

15.1.1 Set up the pump according to the
operating manual.

15.1.2 Gently lower the pump to a position just
above the seened intervaL

15.13 Initiate pumping and allow several
tubing volumes of liquid to be pumped prior to
sample collection. Recheck stability parameters,
(i.e., pH, conductivity, and temperature).

15.1.4 Fill the necessary sample bottles by allow-
ing the pump discharge to flow gently down the
side of the bottle with minimal turbulence.

15.13 Label, preserve, and document the sam-
pies as required.

15.1.6 Remove the pump, clean and decontami-
nate as required.

16. Procedure Bias

16.1 Considerable sample agitation results
when using a submersible pump. Submersible
pumps are not recommended for the collection of
dissolved gases, orgazucs, or oddation/reduction-
sensitive samples. They also have a higher poten-
tial of sample contamination because of the
construction material.

Method E
Sampling With a COLIWASA Sampler

17. Apparatus
17.1 COL1WASA-tvpe sampler constructed of

stainless steel, Teflon®, polyethylene, or glass.

A6.
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172 Teflon®, stainless steel, or nylon suspen-
sion line.

173 Disposable gloves.
17.4 Kimwipes® or equivalent lint-free tissue.

18. Procedure

18.1 Slowly lower the sampler into the liquid
to be sampled. Lower the sampler at a rate that
permits the levels of liquid inside and outside the
sample tube to be about the same.

182 When the sample interval has been
reached, seat the bottom check valve.

183 Slowly withdraw the sampler with one
hand while wiping the outside of the sampler
using a disposable tissue.

18.4 Carefully discharge the sample into the
sample container.

18.5 Repeat steps 18.1 through 18.4 as many
times as necessary to fill all the sample bottles.

18.6 Clean and decontaminate the sampler
asrequired.

19. Procedure Bias

19.1 The COLIWASA-type sampler is appropri-
ate for collecting samples of containerized liquids.
The material of consthiction should be considered
for the particular type of liquid to be sampled. A
COUWASA sampler is also difficult to decontami-
nate adequately.

Method F
Sampling With a Dip-Type Sampler

20. Apparatus

20.1 Dip-type sampler constructed of Teflon®,
stainless steel, polyproplylene, or glass.

21. Procedure

21.1 Assemble the sampler.

212 Slowly submerge the sampler into the
iiquid to be sampled causing minimal surface
disturbance.

21.3 Retrieve the sampler from the liquid caus-
ing minimal surface disturbance.

21.4 Slowly empty the sampler into the sample
bottle allowing the sample to flow gently down the
side of the bottle.

2.5 Repeat steps 212 through 21.4 as many
times as necessary to fill all of the sample bottles.

21.6 Clean and decontaminate the sampler
asrequired.

22. Procedure Bias

22.1 A dip-type sampler is appropriate for
surface liquids such as ponds, open tanks, pits,
]agoons, and sewers. It can only be used for a grab-
type sample, and its material of construction shall
be compatible with the liquid to be sampled and
the analytes of interest.

Method G
Sampling by Container Immersion

23. Apparatus
23.1 Sample container.

232 Disposable gloves.
233 Distilled or deionized water in a squeeze

bottle.

23.4 Klmwipes® or equivalent lint-free tissue.

24. Procedure

24.1 After putting on the appropriate gloves,
submerge the sample bottle below the liquid stir-
face. If the liquid is flowing, point the bottle up-
sean

24.2 Allow the container to fill to the desired
volume.

243 Remove the container, cap and rinse the
container's outside surface with dean water, and
dry with a tissue.

24.4 Label and preserve the sample as required.

25. Procedure Bias

25.1 The container-immersion method can only
be used to collect samples from shallow streams,
near the shore of ponds or lakes, or from open-top
containerized liquids. It can only be used for a
grab-type sample and requires immersing the
hands; it is not acceptable for highly polluted or
hazardous liquids.

A6.H-5
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Method H
Sampling From Taps, Valves, or Faucets

26. Apparatus
26.1 Distilled or deionized water in a squeeze

bottle.

26.2 Kimwipes® or equivalent lint-free tissue.

26.3 If the sample bottle cannot be placed under
the tap, valve, or faucet, a hose or other device
shall be attached to the outlet to allow the sample
to be collected.

27. Procedure

27.1 Turn on the tap, valve, or faucet and allow
sufficient liquid to flow to ensure that any rust or
residue is removed from the lines and that fresh
liquid is flowing.

272 Remove the cap from the sample container
and place the container under the source.

27.3 Fill the sample bottle to the desired volume.

27.4 Repeat steps 27.2 and 27.3 as many times
as necessary to fill all of the sample containers.

27.5 Shutoff the tap, valve, or faucet; dean the
outside of the sample container using clean water
and wipe dry.

A6.fl-6

27.6 Label, preserve, and document the sample
asrequired.

28. Procedure Bias

28.1 This procedure is used to collect grab-type
samples from piped systems. Sttainers, aerators,
and hose attachments should be removed prior to
sample collection. The material of construction for
the piping system influences sample impurities
and should be documented in the field logbook.

29. Quality Assurance

29.1 All of the methods listed above require the
following information to be logged for quality-
assurance documentation.

29.1.1 Date of sample collection.

29.1.2 Location of sample.

29.1.3 Sample number.

29.1.4 Type of sampling mechanism used.

29.13 Container type. size, and number of sam-
ples collected.

29.1.6 Preservatives used.

29.1.7 Signature of sampler.
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE Standard Practice for the Collection, Filtration, and Preservation
of Liquid Samples

PROJECT or SITE Air Force Plant 4

Sampling For Total Metals

Whenever a "metals" or "total metals" sample is specified in the Work Plan
(Volume I) or Sampling and Analysis Plan (Volume II), a total metals
(unfiltered) sample will always be collected. If a dissolved metals
(filtered) sample is needed for geochemical modeling purposes, a dissolved
metals sample will be collected in addition to the total metals sample.

A6. 12-1
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L Scope
1.1 This procedure covers the collection, ifitra-

tion, and preservation of liquid samples. Section 6
gives the general collection procedures. Sections 7
and 8 are specific for the collection of organi. Sec-
tion 9 provides the procedure for sample filtration.
Section 10 provides procedures for sample preser-
vation and Table 1 summarizes the generally
accepted bottle types, volume requirements,
preservatives, and holding times for most analytes.
It shall be noted that the analytical laboratory pro-
viding the analytical support in most cases will
determine the bottle type, volume, and preserva-
tive needed for a particular sampling event.

General Sample Collection Procedures

Sampling for Non-Volatile Organi

Sampling for Volatile Organics

Sample Filtration Procedure

Sample Preservation Procedure 10

2. Hazard Analysis

2.1 This procedure uses a variety of chemicals
for preserving the samples. The sampler shall have
a copy of and review the Material Safety Data
Sheets (MSDSs) for each of the chemicals that
will be used at a particular site. Most of the
preservatives can be categorized as strong acids
or strong bases. These are Department of Transpor-
tation (DOT)-regulated materials; their hazard
class is Corrosive.

2.2 The personal protective measures for strong
acids (hydrochloric acid, nitric acid, and sulfuric
acid) are to avoid eye and skin contact, provide ad-
equate ventilation, wear eye protection. and wear

disposable gloves. Use baking soda to neutralize
spills. First aid measures are to flush immediately
with water for 15 minutes and contact a physician.

2.3 The personal protective measures for strong
bases (such as sodium hydroxide) are to avoid eye
and skin contact, provide adequate ventilation,
wear eye protection, and wear disposable gloves.
First aid measures are to flush immediately with
water for 15 minutes and contact a physician.

2.4 Site-specific controls are available in the
planning documents for a particular project

3. Referenced Documents

8 3.2 American Society for Testing and Materials,
9 Annual Book of ASTM Standards, 1984, Section 11,

Volume 11.01, 1984.

3.3 Korte, N. and D. Ealey, Procedures for Field
Chemical Analyses of Water Samples, Technical Mea-
surements Center, U. S. Department of Energy,
Grand Junction Area Office, GJ/TMC—07(83), 1983.

3.4 U.s Department of Energy, The Environmen-
tal Suroey Manual, Appendix E, Volume 4, DOE!
EH-0053, 1987.

3.5 U.S. Environmental Protection Agency, Prac-
tical Guide for Groundwater Sampling, EPA!600/2-
85/104, 1985.

3.6 U.S. Environmental Protection Agency, Test
Method for Evaluating Solid Waste (SW-846), Vol-
ume 2, 1986.

3.7 Wood, W.W., "Guidelines for Collec-
tion and Field Analysis of Ground-Water Samples

Standard Practice for the Collection, Filtration, and
Preservation of Liquid Samples

Introduction
Many factors should be considered during the sample-collection phase. These factors

include bottle type, bottle size, preservative, whether the sample should be filtered or not, in
what order the samples should be collected, etc. The procedures listed here are general
guidelines. Site-specific requirements vary and no one procedure will fit all situations. In
many cases, the judgment of a well-trained, experienced team leader is required to make the
necessary decisions in the field to obtain the best sample possible and meet all requirements.

3.1 American Public Health Association, Amen-
Section can Water Works Association, and Water Pollution

6 Control Federation, Standard Methods for the Exami-
nation of Water and Wastewater American Public
Health Association, Washington, D.C., 1980.

A6. 1 2-2
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for Selected Unstable Constituents," in Techniques
of Water-Resources Investigations of the United States
Geological Survey, Chapter D2, Book 1: U.S. Govern-
ment, Printing Office, Washington, D. C., Stock
Number 024—001—02879-4,1976.

4. Significance and Use

4.1 Table 1 lists many of the standard methods
for sample preservation and bottles that may be
required for sample collection. Improper filtration,
preservation, or residence time before analysis
may compromise sample integrity.

5. Apparatus
5.1 Sample bottles.

5.2 Sample labels.

53 Preservative solutions as required by the
planning documents. These solutions are DOT-
regulated materials; their hazard class is Corrosive.

5.4 Dispensers for preservative solutions.

53 Coolers and ice for storing collected
samples at 4°C.

5.6 In-line filter holders and ifiters of 0.45-
micrometer (im) pore size.

6. General Sample Coilecti on Procedures

6.1 All samples shall be collected as dose to the
source as possible. The order in which samples are
taken for specific types of analyses is provided in
Sections 6.3,6.4, and 63.

6.1 Choose the appropriate bottles for the
analytes needed (see Table 1). Visually inspect the
bottle for cleanliness, breaks, and missing parts
prior to sampling.

62 Label the bottles as required by the plan-
ning documents or Standard Practice for Sample
Labeling [GN—2(P)J.

63 Collect the samples by allowing the liquid
to flow gently down the side of the bottle with
minimal turbulence. Unfiltered samples shall be
collected prior to filtered samples.

6.4 Unfiltered samples shall be collected in the
following order:

6.4.1. Volatile organics and total organic
halides (TOX).

A6.12-3

6.4.2. Dissolved gases and total organic carbon
(TOC).

6.43. Large-volume samples for organic
compounds.

6.4.4. Sensitive inorganics, N02-, NHs+,
Fe(U), etc

6.4.5. Total metals.

63 Filtered samples shall be collected in the fol-
lowing order:

63.1. Alkalinity.

65.2. Sensitive inorgaxu.

6.53. Trace metals.

63.4. Major cations/aiuons.

6.6. Add preservative as required.

6.7. Cap the bottle securely.

6.8. Store as required. Some samples may
require storing at 4°C immediately after collection.
An ice chest with ice shall be used for storage.

7. Sampling for Non-Volatile Organics

7.1 Samples for non-volatile organics are col-
lected directly into the sample container. The con-
miner shall be cleaned to U.S. Environmental
Protection Agency (EPA) standards or purchased
from a distributor that has deaned them to EPA
standards (i.e., 1-CHEM). Do not filter samples
for organics.

7.1.1 Choose the appropriate bottle for the
analyte requested.

7.1.2 Label the bottle as required by the plan-
ning documents or other sections of this manuaL

7.13 Add preservative to the bottle, if required.

7.1.4 Slowly fill the bottle by allowing the liq-
uid to flow gently down the side of the bottle with
minimal turbulence.

7.13 Cap the bottle securely.

7.1.6 Store as required. Most organic samples
require storage at 4°C.

8. Sampling for Volatile Organics.

8.1 When sampling for volatile organics, special
care shall be taken when collecting the sample to
reduce the possibility of losing the volatile
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Table 1. Guidelines for Preservation of Samples

Inorganic Anions
Chloride, sulfate, nitrate, fluoride, bro-

mide, nitrite, and ortho-phosphate
Ammonia

Inorganic Cations
Dissolved metals

Total metals

Radloisotopes
U—234/U—238

Th—230

Po—210

Pb—210

Ra—226

Ra—228

Gross alpha/beta

Organics

P (500 mL)

P (125 mL)

P (500 mL)

P (500 mL)

P (1,000 mL)

P (1,000 mL)

P (1,000 mL)

p (1,000 mL)

P (1,000 mL)

P (3 each; 1,000 mL)

P (100 mL)

Filtered 0.45 pm, cool to 4°C

Filtered 0.45 pm, H2S04 pH <2

Filtered 0.45 pm, HNO3 pH <2

HNO3 pH <2

Filtered 0.45 pm, HNO3 pH <2

Altered 0.45 pm, HNC3 pH <2

Filtered 0.45 pm. HNO3 pH <2

Altered 0.45 pm, HNO3 pH <2

Filtered 0.45 j.un, HNO3 pH <2

Filtered 0.45 pm, HNO3 pH <2

Filtered 0.45 pm, HNO3 pH <2

Volatile organics

Semi-volatile organics

Polychlorinated biphenyis and pesticides
Herbicides

Total organic halides (TOX)

Total organic carbon (TOC)
Phenols

Oil and grease

Other

G (2 each; 40 mL)

G (1,000 mL)

G (1,000 mL)
G (1,000mL)

G (1,000 mL)

G(125mL)
G (1,000 mL)

G (1,000 mL)

Cool to 4°C

Cool to 4°C
Cool to 4°C

Cool to 4°C

Cool to 4°C

H2S04 pH <2, cool to 4°C

H2S04 pH <2, cool to 4°C

H2S04 pH <2, cool to 4°C

Biochemical oxygen demand and
chemical oxygen demand

Total dissolved solids

Cyanide
Sulfide

ap polyethylene; G — glass.

G(1,000mL) Coolto4°C

P (250 mL)

P (1,000 mL)

P(1,000mL)

A6. 12-Li

Container
Analytical Parameter

Type/sizea
PreSOfllatlOn

Filtered 0.45 pm, cool to 4°C

NaOH pH <2, cool to 4°C

2 mL zinc acetate, NaOH
pH <2, cool to 4°C
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constituents. Volatile organi are collected in a
40-milliliter (mL) glass vial that has a Teflon®
lined, silicone-septum lid. The procedure for
collection is as follows:

8.1.1 Label the bottle.

8.1.2 Preserve as required.

8.1.3 Slowly fill the vial to overflowing.

8.1.4 Mold the container level or carefully set on
a level surface.

8.1.5 Place the septum Teflon-side down
on the convex water meniscus and seal with the
saew cap.

8.1.6 Test the seal by inverting the container
and lightly tapping. There can be no air-bubbles
entrapped in the sample. If bubbles are present,
uncap the container, add additional sample, and
reseal as stated above.

9. Sample Filtration Pmcedure

9.1 Samples requiring filtration shall be col-
lected after unfiltered samples. To maintain closed-
system conditions, an in-line membrane filter is
connected directly to the pump outlet This allows
the sample to be filtered prior to almospheric con-
tact which could alter the sample. A filter-pore
size of 0.45 pm is used for sample filtration.

9.1.1 Connect the in-line filter directly to the
pump outlet

9.1.2 Start the pump and discard the first
100 mL of sample. This flushes the filter of any
excess distilled water used during prior deaning
of the filter holder.

9.13 Place the sample bottles directly under the
filter outlet and fill to the desired volume.

9.1.4 Preserve the sample, as required.

9.1.5 Stop the pump, and disconnect and disas-
semble the ifiter.

9.1.6 Discard the used filter and clean all sur-
faces of the filter holder with distilled water and
wipe dry with a lint-free tissue.

9.1.8 Place a new filter in the holder and
reassemble.

A6.2-5

10. Sample Preservation Procedure

10.1 Samples are preserved by a variety of
means to stabiiie specific parameters so that the
samples can be shipped to a laboratory for analy-
sis. Preservatives are intended to (1) retard biologi-
cal effects, (2) retard hydrolysis, (3) reduce
sorption effects, and (4) reduce volatility of constit-
uents. Preservation methods are generally limited
to pH control, chemical addition, refrigeration, and
protection from light. The following guidelines
shall be considered during sample preservation.

10.1.1 Preservation of samples uses a variety of
strong acids and bases. Care shall be taken in their
storage and use. Review the Material Safety Data
Sheet for each chemicaL Eye protection and dispos-
able gloves shall be worn when working with
chemicals.

10.12 Samples shall be preserved as soon after
collection as possible.

10.13 Care shall be taken not to oss contami-
nate samples with preservatives.

10.1.4 Samples requiring cooling to 4°C shall
be placed in an ice chest with wet ice immediately
after collection.

10.1.5 Table 1 or the planning documents
should be consulted for recommended sample-
preservation techniques for each parameter. Gener-
ally, the laboratory performing the analysis shall
determine the bottle type, size, and preservative to
beused.

11. Quality Assurance

11.1 The following information about the sam-
ple collection, filtration, and preservation shall be
logged for quality-assurance documentation.

11.1 The number and type of filter used for
ifitration.

11.2 The container size, container type, and
number of samples collected.

113 Whether the sample was filtered or not.

11.4 What preservative was used to preserve
the sample.

11.5 Name of person performing the sampling.
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SAMPLING of SEEPS and SPRINGS

Introduction

Seeps and springs are generally, but not always, found where the surface
contour intersects the water table. They can develop above the water table
where infiltrated water percolates downward to a perching horizon and then
migrates laterally to the intersection of that horizon and the surface
contour. These areas usually have well—established microbiological
populations marked by extensive moss and algal growths. These microbiological
populations usually extend for some distance into the water-bearing formation
(aquifer) and are generally more populous and of different species than those
associated with the bulk of the aquifer. Their effect on the oxygen content,
pH, nutrient, and metals concentrations in the groundwater can be extensive.
Thus, the water that seeps from these areas may be substantially altered, and
not represenative of the conditions deeper in the subsurface. However, seeps
and springs can yield some information if the data are properly interpreted.
If the area in question is without developed wells, seeps and springs are
certainly worth sampling, especially because of the ease with which they can
be sampled.

1. Scope
1.1 This method contains the field procedure used to collect grab

samples of fluid emanating from seeps or springs. It is important to
collect the sample as close to the actual seep as possible to reduce
contact time with the atmosphere and potential for surface contaminants.

2. Reference Documents

1.1 U.S. Environmental Protection Agency, Characterization of Hazardous
Waste Sites — A Method Manual, EPA-600/4-84-076.

1.2 U.S. Department of Energy, 1987, The Environmental Survey Manual,
Appendix E, Volume 4, DOE/EH-0053

1.3 U.S. Environmental Protection Agency, Handbook Groundwater, 1987,
EPA/625/6—87/0l6

1.4 U.S. Environmental Protection Agency, Practical Guide for Ground-
water Sampling, 1985, EPA/600/2-85/104.

3. Hazard Analysis
Seeps and springs are normally found in areas where there is contour

relief. Personnel should take precautions against slipping or falling.
Hazardous materials may be seeping along with the water, and caution should
be taken when approaching or working at a site.

4. Significance and Use

4.1 This method should be used for reconnaissance surveys of areas
where seeps provide easy access to locations for aquifer sampling. Data
should be examined for possible alteration of the aquifer fluids due to
contact with the atmosphere or surface materials. This procedure may
indicate the need for further, more accurate, aquifer sampling.
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5. Interferences

Represenative water samples can be biased with the inclusion of
foreign material. Fluid emanating from an aquifer interacts with surface
conditions at a seep or spring by degassing dissolved gases, absorbing
surface gases, mixing with surface fluids, reacting with biological agents,
and mixing with surface solids.

6. Procedure
6.1 Using a stainless steel scoop (such as those used in ice machines),

press the bottom of the scoop against the bank. With very little
additional disturbance, water will flow into the scoop.

6.2 Retrieve the scoop from the seep with minimal disturbance.

6.3 Remove the cap from the sample container and slightly tilt the mouth of
the sample container.

6.4 Empty the scoop into the sample container, allowing the sample fluid to
flow down the side of the bottle with minimal entry disturbance.

6.5 Allow adequate space for expansion if required, add preservatives if
required, and secure the container lid.

6.6 Label the sample container with the appropriate sample tag.

6.7 Properly clean and decontaminate the sampling equipment for the next
sample.
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Groundwater Sampling From Open Soil Borings

Procedure

Groundwater samples will be taken from boreholes dril1ed for the collection
of subsurface soil samples. Upon completion of soil sample collection, the
borehole will be drilled in five foot increments to bedrock or the top of the
first confining layer. After each five foot section has been drilled, the
center rod will be pulled to determine if fluid is present. If fluid is
present the center bit will be removed from the borehole and the fluid level
allowed to stabilize. An interface probe will be lowered inside the hollow
stem to monitor fluid level. When the interface probe indicates the fluid
level is stable, the fluid will be sampled. If LNAPL or DNAPL (light or
dense layers) are found the procedure for Sampling Light or Dense Nonaqueous
Phase Layers will be followed. If no layers are detected, a Teflon or
stainless steel bailer will be lowered into the casing until centered in the
water column. Raise the bailer smoothly from the casing and foflow the
procedures outlined in Standard Practice for the Sampling of Liquids, !etliod
B: Sampling With a Bailer to fill the sample containers.

This procedure is intended as a reconnaissance method to quickly determine if
groundwater is grossly contaminated and may indicate the need for further,
more accurate, sampling efforts.
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SAMPLING LIGHT AND DENSE NONAQUEOUS PHASE LIQUIDS

INTRODUCTION

Light nonaqueous phase liquids (LNAPLs) are relatively insoluble organic
liquids that are less dense than water and spread across the water table.

Dense nonaqueous phase liquids (DNAPLs) are relatively insoluble liquids that
are more dense than water and tend to migrate vertically through aquifers to

the top of the underlying confining layer. Wells containing light nonaqueous
phase liquids will not be sampled for dissolved phases. Wells containing
dense nonaqueous phase liquids will be sampled before purging the well for
dissolved phase sampling. An interface probe will be lowered into the well to
detect the existence and thickness of any immiscible layer(s), light and/or
dense.

REFERENCE DOCUMENT

U.S. EPA, 1986, RCRA Ground Water Monitoring Technical Enforcement Guidance
Document (TEGD), OSWER—9950.1, Septeniber 1986

APPARATUS

Photoionization detector, either an HNIJ, TIP II, or SIP 1000.

Teflon bailer with bottom valve.

Separatory funnel. (Laboratory funnel with a Teflon stopcock)

Nylon line; disposed of after sampling.

Waste containers.

PROCEDURE

I. Using a photolonization detector, scan the background area near the well
to determine need for personnel protection. Scan inside the protective
cover (flush mount lid or locking well cover) to determine if higher
concentrations of organic vapors may be inside the well. Carefully remove
the well riser cap and scan inside the casing to detect the presence of
volatile organics. If the breathing zone has measurable volatile organic
compounds, respiratory protection may be specified in Air Force Plant 4,
Health and Safety Plan.

2. Lower the interface probe slowly into the well, following the procedure
outlined in 6.2: Water-Level Measurements Using an Interface Probe. Note
the depth to top of fluid and top of water. Continue lowering the
interface probe to the bottom of the well to detect the presence of any
immiscible layers below water. If a floating layer is detected disposable
nylon line shall be used to lower the bailer.
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3. a. To sample light nonaqueous phase liquids, lower a Teflon bailer until
the bottom of the bailer is in contact with the top of the LNAPL
layer. Continue to ilower the bailer slowly, until the center of the
bailer is centered on the water / phase interface. Smoothly raise
bailer to the surface. This method will allow the collection of very
thin floating layers.

b. To sample dense nonaqueous phase liquids (after sampling any floating
phase liquids), lower a Teflon bailer to the bottom of the well.
Smoothly raise the bailer to the surface.

4. Carefully pour the bailer into a decontaminated separatory funnel. To
sample LNAPLs use the separatory funnel to drain off the water phase and
discard into a waste container. Fill sample container(s) from the
separatory funnel. To sample DNAPLs use a clean separatory funnel to
decant the immiscible fluid phase into the sample containers. Decant
water phase into a waste container. Continue the process until adequate
sample volume has been collected.
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PHOTOVAC TIP II PHOIDIONIZATION ANALYZER

INTROD1JCI'ION

This portable instrument is used to detect, measure, and provide a direct
reading of chemicals In air that have an ionization potential of 10.2 eV or
less. t'lost of the light permanent gases (such as air gases, hydrogen, or
helium) have ionization potentials of 12 eV or more. 1any organic chemicals
have an ionization potential of less than 10.2 eV and can be detected by the
TIP II.

The TIP II uses a small pimp to continuously draw air into a small ionization
chamber which is also flooded with ultraviolet light. This chamber has two
electrodes; an electric voltage is applied across these electrodes and one of
them is connected to a very sensitive current measuring circuit
(electrometer). When ions are formed, and these will have both positive and
negative charges, the negative ions will travel to the positive electrode and
the positive ions will travel to the negative electrode. This will result in
an electric current which is measured by the electrometer and can be used to
express the "Total lonizables Present".

The TIP II does not distinguish between different chemicals; the signal
produced represents a composite of all different ionizable chemicals.

TIP II has four controls: a POWER switch, a SPAN control, a ZERO control, and
a COURSE ZERO control. The Span and Zero controls are projecting knobs which
can be locked into position and are provided with numerical position
indicators. The Course Zero adjustment is made with a screwdriver through a
hole in the front bulkhead of TIP II. A single electrical connector is
located at the base of the handle and is used for battery recharging and for
connection of external 12 Volt DC power. Two outputs are available at this
same connector: an analog signal from the electrometer and an audio signal for
connection to a. headphone which is pulsed at a rate proportional to the
concentration being measured.

The TIP II is powered by rechargeable Nickel Cadmium batteries. These
batteries must be given proper care to insure long life performance. NiCad
batteries will develop a "memory" if they are not run through complete
discharge / recharge cycles on a regular basis. This means that if the TIP II
is used for only one hour before recharging, the batteries will develop a
"memory" for this duty cycle arid will be unable to deliver adequate power for
longer duty cycles. To avoid this condition, run the instrument until "LOBAT"
appears on the display, then fully recharge for 16 hours as described in the
TIP II manual.

WARNINGS

THIS DEVICE IS CLASSIFIED FOR USE IN CLASS 1, DIVISION 2, GROUPS A,B,C,D
HAZARDOUS LOCATIONS. THIS DEVICE IS NOT INTENDED FOR CONSTANT USE WITH
FLAt1ABLE CONCENTRATIONS OF GASES. It complies with Underwriters Laboratories
Inc. UL 1604 Standard for Electrical Eguipment fQZ j Hazardous Locations
Class 1, Division 2.
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CAUTION

To reduce the risk of fire or injury to t*rsonnel, read and follow these
instructions.
1. All calibration, maintenance, and servicing of this device, including

battery charging, must be performed in a safe area away from hazardous
locations.

2. Do not open or mutilate the battery cells. Released electrolyte is
corrosive and may cause damage to the eyes or skin. It may be toxic if
swallowed. Do not dispose of battery pack in a fire.

REFERENCE DOCUMENT

Users Manual, TIP II, Version 2..3 November 1988, Photovac Inc.

OPERATING P)CKDURES

The TIP II can be used in either a qualitative or quantitative mode. In the
qualitative mode the instrument displays higher numbers as higher
concentrations of ionizable gases are detected. It will not read out directly
in parts per million. In quantitative mode the instrument is calibrated with
a known concentration of gas and displays concentrations in parts per million.
This procedure covers only the quantitative mode. See the TIP II Users Manual
for a description of the qualitative mode.

SEMIQUANTITATIVE PROCEDURES TUTORIAL

1. When you press the POWER switch, the LCD of TIP II will turn on and the
pump and yellow L1EDs will come on briefly. Wait for them to come on
continuously, indicating the ultraviolet lamp has started.

2. Turn the locking rings down to release the ZERO and SPAN controls.

3. A mid—range sensitivity (Span setting of 5) is a good place to start.

4. The cleanliness of the reference Zero air should match the application.
Outdoor air away from chemical sources is usually suitable. Although
background chemicals will not be canceled out as they are when TIP II is
used qualitatively, the error they cause is usually insignificant. If
the zero reference air contains 1 ppm equivalent of total ionezables, and
TIP II is adjusted to read 100 when Span Gas is introduced, then in fact
TIP II will read —1 when air with no ionizables is sampled. The error
will decrease as concentration increases. If outdoor air is too heavily
contaminated, bottled Zero Air should be used.

5. Turning the ZERO control clockwise will raise the LCD reading, turning it
counterclockwise will lower it. Adjust the COARSE ZERO control with a
small slotted screwdriver if TIP II always reads above or below zero with
the ZERO control alone.

6. Hand tighten the gas bag adapter nut to TIP II inlet, and open the gas
bag valve.

7. A clockwise turn of the SPAN control will raise the LCD reading, a
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TIP Pictorial Diagram
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counterclockwise turn will lower it.

8. Check the zero setting by sampling clean air again. Reset the ZERO
control, if needed.

9. Turn the locking ring up against the SPAN control.

10. Check the SPAN setting by sampling Span Gas. Setting ZERO and SPAN
controls is an iterative procedure. With experience, initial settings
will be close to final settings.

11. Sample clean air while locking the ZERO control and sample Span Gas while
locking the SPAN control, and hold the controls so that they dont shift
when their locking rings are turned against them.

12. The LCD will now show concentrations of total ionizables in the sample in
Span Gas equivalent units. Naturally, part per million readings taken
with TIP II only have meaning when there is a single compound present in
the sample. A mixture of two or more compounds will give a composite
reading which, due to differences in response, will obviously NOT be the
simple sum of the concentrations of each component. Nevertheless, there
can often be a benefit to such a reading, for example, in studying the
distribution of an accidental spill of gasoline. Calibration against the
Span Gas gives a reasonably repeatable reference, which can then serve as
a guide to the use and deployment of more sophisticated analyzers.

13. If TIP II aspirates some liquid, immediately turn to Ilaintenance, — If
TIP II Draws in Water, and follow the instri.ictions.

14. Switch off TIP II when finished taking readings or if the 'LADBAT" sign
appears at the top left of the LCD. Readings taken while "WBAT' is on
may not be reliable.

Calibrating TIP II with a known concentration of span gas provides a means of
comparing readings from one day to another and compensates for film build-up
on the detector lamp window.

The TIP II is calibrated at two points of concentration, 0 and 100 ppm. Its
accuracy decreases when sampling concentrations away from these two points
according to the following table:

Actual Concentration TIP II
(ppm isobutylene) Reading

1 1±1.5
5 6±2
10 12±2
50 55±5

100 100 10
500 450 10%

1000 850 10%
1500 1250 10%
2000 1500 10%
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Procedure

If it is known that only one chemical will be present in the air being sampled
the TIP II can be calibrated with a standard of that compound. Note that the
presence of other gases and vapors in the sample will change the results.

1. Press POWER switch to turn on TIP II.
2. Unlock ZERO and SPAN controls by turning locking rings clockwise.
3. Set SPAN control to 5.
4. Allow TIP II to sample clean air.
5. Adjust ZERO control until LCD reads zero.
6. Connect Keviar bag of span gas to TIP II inlet.
7. Adjust SPAN control until LCD indicates the Span Gas concentration

(nominally 100 ppn isobutylene, check label on Span Gas bottle).
Disconnect gas bag.

8. Sample clean air again and readjust ZERO control if necessary.
9. Lock ZERO control by turning locking ring counterclockwise.
10. Sample Span Gas again and readjust SPAN control if necessary.
11. Lock SPAN control by turning locking ring counterclockwise. Disconnect

gas bag.
12. Observe readings on LCD. Concentration of total ionizables is displayed

in Span Gas equivalent units.
13. DO NOT ALLOW THE TIP II TO DRAW IN ANY LIQUIDS!
14. Press POWER switch after use to turn off TIP II.

Calibration Gas Procedure.

1. Hand tighten regulator onto Span Gas tank.
2. Turn gas bag valve counterclockwise to open.
3. Hand tighten gas bag adapter nut onto regulator.
4. Turn regulator knob counterclockwise about 1/2 turn to start gas flow.
5. Fill bag until bag material just begins to stretch.
6. Turn regulator knob fully clockwise to shut off the gas flow.
7. Turn gas bag valve fully clockwise to close.
8. Remove gas bag adapter nut from regulator.
9. Remove regulator from Span Gas tank.

NOTE: Before using the gas bag for the first time, and if it has not been used
for four weeks, fill and flush gas bag with span gas two times before
connecting it to TIP II.

1AIWENANCK

Keeping TIP II in top operating shape means charging the battery, cleaning the
ultraviolet lamp window, and replacing the dust filter. The exterior of TIP
II can be wiped clean with a damp cloth and mild detergent if necessary. Keep
the cloth away from the sample inlet, however, and do not attempt to clean
while TIP II is connected to the mains! Organic cleaning solvents might
damage the finish.

BAERY CHARGING
A7.1-5
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Charge TIP II battery when LOBAT" appears at the top left of the
LCD.

NOTE: LX) NOT CHARGE TIP II IN A HAZARDOUS LOCATION.

TIP II handle and the charger may be warm to the touch during
charging. This is normal.

By letting TIP II fully discharge until LOBAT appears, then
charging for 16 hours, the operating time of TIP II is maximized.
Occasional overcharging for up to two days will not be detrimen-
tal to the batteries. If TIP II is consistently put on charge
before "LOBAT" appears, the operating time of TIP II will be
diminished.

The TIP II Charger is one of two types, either a TIP Constant
Current Battery Charger, or a TIP Dual Rate Charger.

To use the Constant Current Battery Charger:
1. Switch off TIP II.
2. Remove any external devices connected to the rear receptacle,

or unscrew dust cover.
3. Set selector switch on back of charger to correct AC mains

voltage.
4. Connect charger plug to TIP II rear receptacle. Turn knurled

collar clockwise to secure plug.
5. Plug charger into AC mains.
6. Allow TIP II to charge for 16 hours.
7. Remove charger plug from TIP II and replace dust cover.

DO NOT LEAVE TIP II ON CHARGE CONTINUOUSLY WITH THE CONSTANT
CURRENT BATTERY CHARGER.

To use the Dual Rate Charger:

1. Switch off TIP II.
2. Remove any external devices connected -to the rear receptacle, or unscrew

dust cover.

3. Connect charger plug to TIP II rear receptacle.. Turn knurled collar
clockwise to secure plug.

4. Plug the charger into AC mains. The indicator light will be green.
5. Press the HIGH CHRG button. The indicator light will turn red to show the

charger is charging at the high rate. -

6. TIP II will be fully charged in about 15 hours. After this time, the
indicator light will turn green indicating the charger has returned to its
low continuous charge rate. This maintains the battery at full charge.
Do not press HIGH C1-JRG again as this may overcharge the battery.

7. To use TIP II, remove charger plug from TIP II and replace dust cover.

The low continuous charge rate can be used to charge TIP II when it has not
been fully discharged, however, it is best to fully discharge TIP II before
recharging to maintain the highest battery capacity.
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Interrupting the AC power supply to the Dual Rate Charger will reset it to the
low charge rate.

CLEANING THE LAJ1P WINDOW

As TIP II is used, a film of deposit will build up on the window of the
ultraviolet lamp. The rate of film build—up depends on the chemicals and
concentrations being sampled, and results from the action of ultraviolet light
on the chemicals. Clean the lamp window when a span setting of 9 is
insufficient to give a high enough LCD reading. Refer to TIP II Pictorial
Diagram for parts location.
1. Switch off TIP II.
2. Grasp the black detector cover and unscrew it from TIP II. The detector

cell, lamp holder and lamp UHF driver circuit board are now exposed. Be
careful of the PID seal 0—ring on top of detector cell.

3. Unplug red and yellow wires from UHF driver circuit board.
4. Grasp lamp holder so it will not rotate, and unscrew detector cell (with

red and yellow wires attached) from lamp holder. Lamp will pop up.
5. Withdraw lamp from lampholder. Leave spring in lamp holder.
6. Hoisten a lint—free tissue with methanol.
7. Rub lamp window with methanol-moistened tissue to remove film.
8. Dry lamp window with clean lint-free tissue.
9. Without touching window, slip lamp into lamp holder, window-end out.
10. Install detector cell onto lamp holder and tighten until iust snug.

Avoid cross threading.
11. Plug yellow wire onto gold pin and red wire onto tinned pin on UHF driver

circuit board.
12. Install detector cover hand—tight.

When the detector cell is removed, be careful not to touch the fine wire mesh
inside it. Any dirt in the detector cell may be blown out with a. gentle jet
of dry compressed air.

REPLACING THE DUST FILTER

TIP II is equipped with a dust filter to reduce detector contamination. As
the filter becomes clogged; TIP II inlet flow'rate and sensitivity will drop.
If TIP 'II sensitivity increases by more than 10% when the filter is removed
then install a new filter. Dont run TIP II without a filter for more than a
minute or so.

1. Switch off TIP II.
2. Hold filter housing near detector cap with 9/16" wrench.
3. Unscrew top of housing with another 9/16" wrench. Be careful of the metal

sealing washer.
4. Remove spring and filter.
5. Install new filter open end first.
6. Slip spring into top of housing and assemble housing. Tighten with two

wrenches.
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IF TIP II DRAWS IN WATER

Water drawn into TIP II will not cause permanent damage if the instrument is
promptly disassembled and cleaned. The most important parts to clean are the
lamp and the detector cell. To clean the mp, allow TIP II to run until no
more water comes out of vent hole located in the front bulkhead.
1. Refer to maintenance instructions to remove detector cell and lamp.
2. Dry lamp with a. clean lint-free tissue and clean the window.
3. Clean detector cell in clean water, preferably in an ultrasonic cleaner.

Do not touch the fine wire mesh.
4. Dry detector cell overnight at 50 degrees C. (125° F).
5. Dry inside of lamp holder.
6. Remove filter following instructions above.
7. Dry inside of filter holder.
8. Install a new filter.
9. Assemble TIP II following instructions above.
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE Portable Photoionization Analyzer, Model ISPI 101 HNr

PROJECT or SITE Air Force Plant 4

CHANGE

Pressure and Humidity Calibration Corrections

Section 3 states "Connect the analyzer to the regulator and cy1ander with a
short piece (butt connection) of tubing. Instead of directly connecting the
HNIJ to the regulator, the HNU will be calibrated by filling a Tedlar bag with

known concentration span gas (normally 100 ppm isobutylene) and attaching the
FINU' to the sampling valve of the gas bag. This method permits calibration at
current atmospheric pressure.

After the Tedlar bag is full, attach the tygon tubing end of the calibration
gas humidifier to the bag. Use of the calibration gas humidifier while
calibrating will correct for water vapor effects on the photoionization
readings. Water is a strong absorber of photons in the operating region of
photoionization detectors and high humidity will cause lower readings unless
humidity is accounted for while calibrating. The HNU must be recalibrated
using the calibration gas humidifier whenever there is a significant change in
ambient humidity.

Calibration Gas Procedure.

1. Hand tighten regulator onto Span Gas tank.
2. Turn gas bag valve counterclockwise to open.
3. Hand tighten gas bag adapter nut onto regulator.
4. Turn regulator knob counterclockwise about 1/2 turn to start gas flow.
5. Fill bag until bag material just begins to stretch.
6. Turn regulator knob fully clockwise to shut off the gas flow.
7. Turn gas bag valve fully clockwise to close.
8. Remove gas bag adapter nut from regulator.
9. Remove regulator from Span Gas tank.

NOTE: efore using the gas bag for the first time, and if it has not been used
for four weeks or more, fill and flush gas bag with span gas two times
before connecting it to the HNU.

Ambient Humidity Calibration

1. Turn on the FINU and adjust ZERO in the STANDBY MODE.

2. Turn the range switch to 0-200.

3. Connect the tygon tubing end of the humidifier to the span gas bag.
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4.Connect the fitting end (white polypropylene) of the huntidifier to the 10
probe extension.

5.When the reading stabilizes (15-30 seconds), adjust the SP.N POT until
the meter reads the correct value for the calibration gas used.

6.The 101 is now calibrated for direct reading on the calibration gas.

7.The calibration can be adjusted for changes in humidity by repeating the

process
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PORI'ABLE PHOTOIONIZATION ANAL.'ZZEF
MODE L I S F' I 101 HNU S '"S T EMS, I N C -

Introduction

This portable instrument is used to detect, measure, and provide a direct
reading of the concentration of a variety of trace gases in many industrial or
plant atmospheres. The analyzer employs the principle of photoioriization.
This process involves the absorption of ultraviolet light (a photon) by a gas
molecule leading to ionization:

RH hv — RH+

in which

RH trace gas
hv Photon with an energy level equal to or greater than the ionization

potential of RH

.The sensor consists of a sealed ultraviolet (UV) light source that emits photons
with an energy level high enough to ionize many trace species, particularly
organics. but not high enough to ionize the major components of air. 02. N2, Co.

CO2. or H20.

A chamber exposed to the light source contains a pair of electrodes: one, a
bias electrode, and the second, a collector electrode. When a positive
potential is applied to the bias electrode a field is created in the chamber.
tons formed by the absorption of photons are driven to the collector electrode.
The current produced is then measured, and the corresponding concentration is
displayed on a meter directly in parts per million (ppm).

To minimize absorption or deco.position of sample gases. a rapid flow of sample
gas is maintained through the ton chamber, which is small, made of inert
material and located at the sampling point.

The analyzer consists of a probe. a read—out assembly, and a battery charger.
The probe contains the sensing and amplifying circuitry; the read—out assembly
contains the meter, controls, power supply, and rechargeable battery. The
analyzer will oper from the battery for approximately 8—10 hours.

The tSPt 102. is designed for use with interchangeable probes containing lamps of
different energies. The analyzer is ready for use simply by connecting the
probe to the read—out assembly, calibrating, setting the proper SPAS pot value,
and then zeroing the unit.

The standard probe provided with the analyzer contains a 10.2 eV lamp. Optional
probes containing lamps of 9.5 and 11.7 eV permit selective determination or
exclusion of special species having tP values lower than 9.5 eV in the presence
of interfering species with IP values above 9.5 eV. The probe with the 11.7 eV
lamp permits measurement of species with 1? values up to approximately 11.7 eV.
The probes with different lamps are interchangeable in use within individual
read—out assemblies for different applications. The amplifier and Ion chamber
in the probe are selected for the specific eV lamp. Lamps of different eV
ratings cannot be interchanged between probes.

Gases with Ionization potentials near to or less than that of the lamp will be
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ionized. These gases will thus be detected and measured by the analyzer. Gases
with ionization potentials higher than that of the lamp will riot be detected.
The Ionization potential of the major components of air. i.e.. oxygen, nitrogen.
and carbon dioxide, range from about 12.0 eV to about 15.6 eV and are not
ionized by any of the three lamps. Gases with ionization potentials near to or
slightly higher than the lamp are partially ionized. resulting in low response
to the instrument. ionization potentials for various atoms, molecules and
compounds are given in Tables 8—i. through 8—13 in Section 8 of the HNIJ
Instruction Manual.

The amount of ionization of a species of gas exposed to photons, its sensi-
tivity, is a characteristic of that particular species. This is Illustrated in
Table 4-1 in the HNU Instruction Manual for a number of chemical groupings, and
in Table 8—14 for a large number of individual species when exposed to photons
from a 10.2 eV lamp.

The species with the higher values are more sensitive to the 10.2 eV photons
than are those with lower values. Refer to Table 8—14 in the HNU Instruction
Manual for further information.

WARNINGS

1. Do not look at the light source from closer than 6 inches with unprotected.
eyes. Observe the source only briefly. Continued exposure to ultraviolet
energy generated by the light source can be harmful to eyesight. The lamp
cannot be observed with the probe extension attached or when the instrument
is In the stand-by mode.

2. Any obstruction of the probe extension or at the sample end of the probe
will seriously impair tst 101 operation. The fan cannot draw a sample
across a pressure drop. Efforts should be made to keep dirt, dust, grease
(e.g.. from pipe joints) and other matter from obstructing the flow.

3. The instrument measures gases in the vicinity of the operator and a high
reading when measuring toxic or explosive gases is cause for immediate
action for safety.

4. Never open the valve on a gas container without a regulator attached.

5. Turn the function switch on the control panel to the OFF position before
disassembly. Otherwise, high voltage of 1000 V DC will be present in the
probe assembly.

6. The ISPI 101 is suitable for uses in Class I Division 1 ABCD areas except
when using the charger.

7. The Read—out Unit should NEVER be opened except by a service person trained
and certified by NU Systems. Inc. -

8. Do not use the instrument in the rain or other precipitation, as It will
not pick up volatiles under those conditions.

Precaution3 and Limitations

Environmental Sensitivities

Temperature, humidity and air particulates are factors in the proper operation
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Detection Range 0.1 to 2000 ppm

Minimum Detection Level 0.1 ppm

Maximum Sensitivity 0 to 20 ppm FSD at SPAN = 9.8
(full scale deflection)
0 to 2 ppm FSD at SPAN — 0.0

Repeatability 1% of FSD

Linear Range 0.1 to 400 ppm

Useful Range 0.1 to 2000 ppm

Response Time Less than 3 seconds to 90% of FSD

Ambient Humidity up to 90% RH (relative humidity)
Operating Temperature -10 to 4Q0 c.
Ambient (10.2 and 9.5 eV lamps)

Operating Time art Battery Approximately 6 - 10 hours: at lower temp.
(continuous use) time is reduced due to effect of cold

temp. on the battery

Recharge time from full Full recharge: 12 - 14 hours. Unit cart be
discharge left on the charger and be continuously

recharged whenever the unit is not in use
(the analyzer will not operate while the
unit is on the charger: an Intrinsically
Safe feature).

Recharge current Max. 0.4 amps at 15 V DC

Battery Charger Power 120 V AC. single phase, 50—60 Hz. 1.5 Amps
230 V AC, single phase. 50—60 Hz. .75 Amps

NOTE: The above specifications apply when the instrument is equipped
with 10.2 eV Probe with SPAN set at 9.8 and measuring beazene. Values
will vary for other compounds and conditions. The !flW is sensitive to
interferences from the following physical/environmental conditions:
overhead electrical powerlines. transmissions from 3ome hand—held portable
radios, temperature extremes, humidity, machinery emitting exhaust fumes.
battery acid, and any other volatile organics that the HNU could detect.
The lamp lens will need to be cleaned when working in dusty areas, or
areas with heavy particulates In the air. Both the lamp lens and the ion
chamber need to be cleaned when in areas of high humidity or precipitation.
Water should not be sucked into the instrument.

Operating Procedures

The following procedures are to be used in operating the analyzer:

1. Unclamp the cover from the main read—out assembly.
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2. Remove the inner lid from the cover by pulling out the two fasteners in
order to access the charger, adapter, straps, and probe extension.

3. Connect the probe cable plug to the 12—pin keyed socket on the read-out
assembly panel. Carefully match the alignment slot in the plug to the key
in the connector. Screw down the probe connector until a distinct snap and
lock is felt.

4. Screw the probe extension into the probe end cap. The probe may be used
without the extension if desired.

5. Set the SPAN control for' the probe being used (10.2. 9.5. or 11.7 eV) as
specified by the initial factory calibration or by subsequent calibrations.

6. Turn the function switch to the BATT (battery check) position. The needle
on the ieter will go to the green zone if the battery is fully charged. If
the needle is below the green arc or if the Low Battery Indicator comes on,
the battery must be recharged before the analyzer is used. No measurements
can be taken while charging.

NOTE: To ensure accurate readings, the ISPI 101 is designed to operate ONLY
when the battery voltage is greater than 11 V DC. A low battery will cause
the analyzer to shut off automatically.

7. Set the SPAN pot to the desired value based on the gas to be used.

B. Turn the function switch to STANDBY position. Turn the zero adjustment
until the meter needle is at zero.

9. Turn the function switch to the appropriate operating position. Start with
the 0—2000 position and then switch to the more sensitive ranges. The UV
light source should be on. confirmed by removing the probe extension and
briefly looking into the probe to observe a purple glow from the lamp. Do
not look at the light source closer than 6 inches.

10. The analyzer is now operational.

11. ilold the probe so that the extension is at the point where the measurement
is to be made. Using a fan, the instrument measures the concentration by
drawing the gas in at the end of the extension, through the ionization
chamber, and out the handle end of the probe.

NOTE: The f an will not operate against a pressure drop. i.e.. it will not
withdraw a sample from a duct with gas moving away froa the probe. The ISPI
101 is designed for ambient (relatively still atmospheres) operation.

WARNING: Staxzd up wind Lro the source whenever saspling.
The instruaeat aeaaures gases in the vicinity of the operator
a-nd a high reading when leasurijig toxic or explosive gases is
cause for action for operator safety.

12. Take the reading or readings as desired, taking into account that air
currents or drafts. equlpaent. vehicles, or environmental, interferences in
the vicinity of the probe tip may cause fluctuations in readings. Change
the ranges as required. Check that the probe you are using will measure
the ionization potential of the chemical/source that you are sampling for.
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13. Check the battery condition as required. If the Low Battery Indicator

comes on. turn the analyzer off and recharge. Measurements cannot be taken
while charging.

14. After completion of use, check the battery condition as described in *6.

15. Turn the function switch to the OFF position.

16. When not operating the analyzer, leave it in its assembled condition and
connected to the battery charger.

17. When transporting the unit, disassemble the probe and its extension from
the read-out assembly and return the equipment to its stored position.

18. In case of emergency, turn the function switch to the OFF position.
Battery Chare

Check the battery charge as described above in * 6, during each period of
operation. If the battery is low, as indicated by the meter reading, It is
necessary to recharge it.

To charge the battery, locate the Battery Charge Adapter Cable. (which is
comprised of a 1/4-inch phone plug on one end and a mini phone jack on the
other). Press the 1/4-inch phone plug onto the mating read-out assembly Jack
installed on top of the ISPI 101 battery charger case. Attach the charger cable
with the mini-plug into the mini—jack of the battery charger adapter cable. The
charger can then be plugged into a 120 VAC or 230 VAC (as specified by charger)
single phase. 50-60 liz outlet. Recharge the unit in a non-hazardous atmosphere.

The analyzer cannot be operated during this recharging period. Leave the
function switch In the OFF position during charging. After the charging
period, the battery charger can be detached from the analyzer and reassembled
in the reverse order as described above.

Rechecking the battery's newly charged condition can be accomplished with the
analyzer assembled, the probe attached and the function switch set to the BATT
position. The meter should deflect to the green region.

NOTE 1: The probe assembly must be attached to the analyzer during the
battery check. Without following this procedure, the Instrument will not
indicate the correct battery condition.

NOTE 2: The instruction on the cover of the battery charger Instruct the
user to place output plug into jack on the left side of bezel.*. This is
incorrect. The output plug should be attached to the charger adapter cable
as explained above.

Calibration

The ISPI 101 Analyzer is designed for trace gas analyzer in ambient air and is
calibrated at HNU with certified standards of benzene. vinyl chloride and Iso—
butylene. Good instrumentation practice calls for calibration on the species
to be measured in the concentration range to be used. This procedure assures
the operator that the analyzer is operating properly and will generate reliable
data.

Some general points to consider when calibrating the ISPI 101 are that the
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analyzer is designed for operation at ambient conditions and therefore the gas
standards used for calibration should be delivered to the analyzer at ambient
temperatures and pressure and at the proper flow rates.

The instrument shall be internally calibrated with benzene on an annual basis.
This shall be accomplished by the Industrial Hygienist and/or designee. Cali-
brations with beazene of any other toxic or hazardous gases must be done under a
hood. Reference will be made to calibration checking with isobutylene. This
shall also be referred to as a calibration. Isobutylene is used as a reference
gas and the instrument is calibrated externally by adjusting the external span
control knobs. Isobutylerie is a non—toxic gas, therefore these calibrations do
not have to be done under a hood.

The frequency of calibration should be dictated by the usage of the analyzer and
the toxicity of the species measured. If the analyzer has been serviced or
repaired, calibration should be done to verity operation and performance. When
using the instrument at possible hazardous waste sites or in situations involv-
ing unknown chemicals, the instrument should be calibrated daily in a "clean"
non—hazardous area.

The calibration results, along with instrument field readings must be recorded
in the orange health & safety log book.

Best operation of the analyzer is accomplished by its calibration for the gas to
be measured. In cases where it becomes necessary to operate with a gas for
which it has not been calibrated and recalibration is not possible. correction
can be made to the meter reading. One method is to multiply the meter reading
by a correction factor. This equation and accompanying photoionlzation sensi-
tivities can be found in section 8.4 and Table 8—14 respectively in the 1{NU
Instruction Manual. This is to be used only when measuring a known solitary
gas. It cannot be used with gas mixtures. Consult sections 8.1 and 8.3 of the
HNU Instruction Manual for calibration with a special mixture or with an
alternate gas.

Probe

1. Identify the lamp by the probe label. If a question exists, disassemble the
probe and inspect the lamp. The energy of the lamp is etched into the glass
envelope. If the lamp appears to need cleaning, see the Section titled. "LIV
Lamp and Ion Chaibez Cleaning".

2. Connect the probe to the read—out assembly. A small "click" will indicate
that the probe is fitted securely into the instrument.

3. The calibration cylinder should be consulted for the proper value (ppm) for
the probe being calibrated. Refer to the following Section titled.
"Calibration Checking with Isobutylene'.

4. Check the Ionization Potential UP) of the calibration gas to be used. i
I? of the calibration gas must be at or below the IP of the lamp.

5. Proceed with the calibration as described below.

Calibration Checking with Isobutylene

The calibration of the analyzer can be rapidly checked by the use of an NU
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small disposable cylinder containing isobutylene and a regulator. Consult
Section 3.4 of the HNU Instruction Manual for internal calibrations with
benzene.

1. Battery check - with the probe attached, turn the function switch to BATT.
The needle should be in the green region. If not, recharge the battery.

2. Zero set — with the probe attached, turn the function switch to STANDBY. In
this position the lamp is OFF and no signal is generated. Set the zero
point with the ZERO set control.

3. Connect the analyzer to the regulator and cylinder with a short piece (butt
connection) of tubing. The calibration gas in the cylinder consists of a
mixture of isobutylene and zero air. Isobutylene is rtontoxic and safe to
use in confined areas. There are no listed exposure levels at any concen-
tration.

The regulator sets and controls the flow rate of gas at a value preset at
the factory. This will be about 100 — 200 cc/sin.

It is important that the tubing be clean since contaminated tubing will
effect the calibration reading. Do not use the cylinder below about 30 psig
as readings below that level can deviate up to 10% from the rated value.
Notify the instrument technician when a cylinder is at 30 psig so additional
gas cylinders can be ordered. Safely discard the disposable cylinder when

empty.

4. Open the valve on the cylinder until a steady reading is obtained. This
shou.d take 30—60 seconds.

5. Turn the function switch to the range position and note the meter reading.
Adjust the SPAN control setting as required to read the ppm concentration of
the standard for the probe being used. The span should not have to be
adjusted below 3.0. Notify the instrument technician if this is the case.
This indicates that either the lamp is dirty, the lamp needs to be replaced.
or the instrument needs to be calibrated internally with benzene.

6. Shut off the cylinder as soon as the reading is established.

T. Record and maintain this new SPAN setting.
Maintenance

Introduction

User maintenance of the analyzer consists of cleaning the lamp and ion chamber,
and replacing the lamp or ion chamber. Other component parts or subassemblies
may be serviced only by a service person trained and authorized by NTJ Systems.
Inc. iNU Systems has made this policy to maintain the Intrinsically Safe prop-
erties of the ISPI 101.

WARWING: Turn off the fzmctlon switch on the control panel to the
OFF position before probe disassembly. Otherwise, high voltage of
1000 YDC will be present in the probe assembly.

Do not look at the light source from closer than 6 inches with
tmprotected eyes. Observe the source only briefly. Continued
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exposure to ultraviolet energy generated by the light source can
be harmful to eyesight. The lamp cannot be observed with the
probe extension attached.

Do not interchange lamps at different eV ratings in a probe.
Amplifier and other components are selected for a specific eV
lamp. A probe with the wrong lamp will not operate properly.

Cleaning Procedure for ISPI 101 Lamps and ton Chamber

During periods of operation of the analyzer, dust or other foreign matter could
be drawn into the probe, forming deposits on the surface of the WI lamp or the
ion chamber. This condition is indicated by meter readings that are low,
erratic, unstable, non—repeatable. or drifting, or apparently due to moisture
sensitivity. These deposits interfere with the ionization process and cause
erroneous readings. Check for this condition monthly or more often as required.
Cleaning can be accomplished as follows:

Lamp Removal

1. Remove 5/32" hex screw (exhaust screw) with Allen wrench provided. Slide
the innards out of the probe shell.

2. Remove the probe from the unit. Mold the probe upright, cable down. Remove
the two cross—headed screws that hold the black end cap. Carefully remove
the end cap. Remove the two screws holding the ion chamber on. and lift the
chamber off of the probe.

3. Loosen the small set screw in the side of the lamp housing, place your hand
over the end of the probe and tilt. The lamp will fall into your hand.
notice the eV number etched on the lamp.

Lamp Cleaning: 10.2 and 9.5 eV

1. Put a small drop of HNTJ Cleaning Compound (Part *80—PA 101534-Al) (or
GLEEMTM toothpaste on the lens of the lamp (the small glass circle on the
metal end).

2. Using a nonlinting tissue, rub in a circular motion until all residue is
removed.

3. Rinse with hot, clean tap water, and dry with nonlinting tissue.

4. If the lens is still not clean, repeat Steps 1. 2. and 3.

Lamp Cleaning: 11.7 eV

1. Clean the lens only (the small glass circle on the metal end) with Freon
or any chlorinated organic solvent to remove any deposits, using a non—

linting tissue.

2. Do NOT use HNU Cleaning Compound, water, or any water-miscible solvent on

these lamps.
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1. Remove the "0" RIng from the side opposite the wire mesh and save.

2. Agitate the whole assembly in a beaker of methanol or acetone, or place the
beaker and contents in an ultrasonic bath for ten minutes.

3. Remove the beaker and shake out the surplus solvent. Dry overnight at roam
temperature or bake for two hours in a drying oven at 1000C. Do not dry at
temperatures over 100°C. Allow chamber to cool completely before
reinstalling.

4. In an emergency, careful use of a hair dryer is permissible.

ReasseEnb).y

1. hold the probe upright, cable down, and replace the lamp with the lens
uppermost. Tighten the set screw in the lamp housing after insertion.

2. Replace the "0" Ring in the groove in the ion chamber (side opposite the
wire mesh).

3. Place the ion chamber over the lamp with the wire mesh side on top. Make
sure all the connection pins, screw holes, and the vent hole in the ion
chamber are correctly aligned. (The small vent hole in the ion chamber
lines up with the vent hold in the probe, which has a. small black "0" Ring
around it). Secure the chamber with the two screws.

4. Replace the probe cap, noting the alignment of screw holes. Replace the two
screws and tighten evenly.

5. Replace the lamp housing in the probe shell, aligning the exhaust ports and
the amplifier board connector. Secure with the hex exhaust screw.

8. Reattach the probe to the analyzer and check the analyzer operation.

7. If performance is still not satisfactory, replace the lamp.

The unit Is now ready to be used.

Lamp Replacement

C4UTION: Do not interchange lamps of different eVratings in a
probe. Amplifier and other components are selected for a specific
eV lamp. A probe with the wring lamp will not operate properly.

To replace the lamp. disassemble the probe. rernove the old lamp, Install a new
one of the same eV rating and reassemble. Record this on the lINUs Data Sheet
which is located in the top drawer Equipment Files in Room 212.

WARNING: TUrn off the f&znctlon switch on the control panel to the
OFF position before probe disassembly. Otherwise, high vol tag. of
1000 VDC will be present l.a the probe asseibly.
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Lamp eV Power Change

If different applications for the analyzer would require lamps of different eV
power. then separate probes, each with its own eV lamp must be used. A single
read—out assembly will serve for any of the probes. A change in probe will
require resetting of the ZERO control and the SPAN control. Calibration should
be checked to verify proper operation.

Probe Assembly/Disassembly

WARNING: Turn off the function swi tch on the control panel to the
OFF position before probe disassembly. Otherwise, high voltage of
1000 VDC will be present in the probe asseably.

Disassemble the probe by first removing the exhaust screw at the base of the
probe adjacent to the handle using the 5132" hex key (Allen wrench). Disconnect
the probe cable connector at the read—out assembly. Grasp the end cap in one
hand and the probe shell in the other, gently pull to separate the end cap and
the lamp housing from the shell.

Hold the lamp housing with the black end cap upright. Loosen the screws on the
top of the end cap, separate the end cap from the lamp housing. Remove the two
screws on the ion chamber and separate the chamber from the lamp housing. To
remove the Lamp, locate the lamp retaining screw on the side of the lamp housing
and remove.

CAOTION: Care zust be taken so that the lamp does not fall oat
of the lamp housing when the retaining screw is removed.

Place one hand over the top of the lamp housing and tilt slightly. The light
source will slide out of the housing.

Reassemble the probe by first sliding the lamp back into the lamp housing and
aligning the screw hole in the lamp retaining ring with the aperture on the side
of the lamp housing, then install the lamp retaining screw arid tighten.

CAUTION: Overtightenlag this screw may break the lamp. DO NOT
OVERTIGHTEN.

Place the ion chamber on top of the lamp housing, making sure that the contacts
and the vent hold are properly aligned. The ion chamber fits only one way;
secure it with the two screws.

If the ion chamber is to be replaced, always use one identical to the one being
removed. Check the aperture (small: 3.0 mm, used with the 10.2 eV lamp; large:
.0 mm. used with the 9.5 and 11.7 eV lamps) at the top of the ion chamber and
materials of construction (gold—plated or 'ref loa'rM) to ensure proper replace-
ment. See Parts List.

Check the ion chamber electrodes (on the side with NO mesh): the collecting
electrode (a disk about 1" in diameter) must not touch the polarizing electrode
(the central pin). If they do. call HNIJ Systems. Inc.

Place the end cap on top of the ion chamber and replace the two screws. Tighten
the screws only enough to seal the 0 Ring.
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CAUTION: DO NOT OY'ERTIGHTEN THESE SCREWS

Line up the pins (pogo contacts) on the base of the lamp housing with the pins
inside the probe shell. Gently slide the housing assembly into the probe shell.

The end cap should meet the probe shell evenly after final assembly. If not.
the ion chamber may be installed wrongly.

CAUTION: DO NOT FORCE the asseably into the shell. It fits only one way.

If the probe does not reassemble readily. remove It from the shell and check pin
alignment. Check to ensure pogo contacts are not bent. Refasten the exhaust
screw at the base of the probe.

Align the 12-pin probe connector to the read—out assembly and reconnect with a
twisting motion until a click occurs. The laap should light if the function
switch is turned to any position except STANDBY.

Read—out Unit

WARNING: The read—out Unit should NEVER be opened except by a
service person certified and authorized by HNtI Sys teas, Inc.
Leave, the case on the Read—out Unit, which is fitted with a
taaper—proof seal.
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SiP 1000 ORGANIC VAP0} ANAL'x'ZER

Purpose

The SIP 1000 Organic Vapor Analyzer is for the detection of organic vapors in
the work environment. The unit is to be operated only by personnel signed off
by the Industrial Hygienist as qualified to operate this instrument.

Chare/Discharge Characteristics (Refer to Figures 1(a) and 1(b))

The battery is a 12—volt. 1.9 ampere—hour sealed lead—acid type that can be
operated in any orientation. Since any battery loses capacity through self—
discharge, it is recommended that a "top charge" be applied to any battery
which has been stored prior to putting it in service. With the power and
pump switches off (not depressed), connect the battery arid charger as
indicated on the back of the SIP 1000. Plug the battery charger into the
appropriate AC power source, as indicated on the charger, and let the battery
charge for 16 hours.

Connect ions

1. Fasten the 1/4—inch x 6—inch long probe to the probe hand grip (1/4"
fitting).

2. Connect the probe hand grip to the sample inlet fitting on the back of the
unit with the 1/8" coiled teflon tubing provided.

3. Turn off the hydrogen cylinder after the hydride has been charged, and
unplug the quick connect by grasping the hydride container and pulling the
knurled portion of the connector toward you. Unfasten the tubing from the
hydrogen cylinder and connect it to the carrier inlet fitting (1/8") on
the back of the SIP—1000. CAUTION: Never disconnect the tubing from the
hydrogen cylinder or carrier inlet with the hydride connected as this will
discharge the stored hydrogen.

4. Check the battery and charger to see that they are properly connected.

5. Connect the cable between the signal jack and any appropriate accessory
recording instrument.

Operation

Turn On

Remove the reaction chamber cap, grasp the reaction module by the "0" ring and
firmly pull it out of the chamber.

Electrical Shock

Depress the PWR switch and note the display will read [E E E EL indicating
the program has been erased. Depress the MODE switch once. The display will
read between [0 0 0 0] and [0 0 0 5) within a few seconds, indicating that the
electronics are functioning properly.
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Pump Check

Depress the PUMP switch, and you will hear the pump operate. Place your
finger over the sample probe inlet and note the pump will "load down,"
indicating no major leaks in the sampling system. Turn off the POWER switch
before proceeding.

Photolonization Detector (PID) Check

NOTE: Refer to the appropriate section for checking the specific detector
options you have purchased. Insert the PID reaction module. (the one with the
lamp window visible through the base), observe the keyway when inserting.
Replace the reaction chamber cap. CAUTION: do not overtighten. The module
is properly sealed as soon as some resistance is felt. Turn on the POWER
switch, and note through the hole in the chamber cap that the ultra violet
lamp is on. The display again reads fE E E E) until you depress the MODE
switch once, at which time it will display background ionization counts. If
the display reads ( H I ], wait a few minutes for the sampling system to flush
and the count rate to drop. If it does not, place the sample probe in an area
where it will sample uncontaminated air. The standard lamp will ionize most
gases with an ionization potential at or below 10.6 electron volts. Turn off
the power switch and remove the PID reaction module before proceeding to the
"Flame Ionization Detector Check."

Flame Ionization Detector (RID) Check

Insert the FID reaction module, (the one with the black anodized base), again
observing the keyway. Replace the cap and again do not overtighten. Plug the
quick connect into the hydride container or other hydrogen source such as a
compressed gas cylinder or hydrogen generator. Set the SIP 1000 regulator at
15 to 20 psi; this corresponds to a flow rate of approximately 50 cc/mm.
Turn on the POWER and PUMP, and wait about 30 seconds for the hydrogen to
flush the column and reach the flame jet. The display will again read
[E £ E E]. Depress the MODE switch, and the display will read between
[0 0 0 0] to (0 0 0 5]. Depress the IGNITE switch, and listen for the FID to
ignite. You will hear a slight "pop." and the display will indicate
background count. Reduce the pressure to between 5 and 7 psi for normal
operation. CAUTION: Excessive hydrogen flow will cause the flame to burn too
hot; this causes high background noise and may result in damage to the
reaction chamber or module.

NOTE: Turn off the power and insert the reaction module you wish to calibrate
before proceeding.

Thermal Conductivity Detector (TCD)

The TCD reaction module is only used in the gas chromatograph configuration
and will be discussed in specific application notes.

NOTE: Turn off the POWER and insert the reaction module you wish to
calibrate before proceeding.
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Calibration

As with any analytical instrument, the accuracy of your results will directly
relate to the calibration method, accuracy of the standards and technique. It
is outside the scope of this manual to discuss the details of the many
calibration methods. It is up to the user to select the method, calibration
standards and technique best suited to the application. Basically,
CALIBRATION is divided into two categories, ZERO and SPAN.

NOTE: Always observe the following for the most accurate results regardless
of the method used:

1. Always sample the zero and span gases at ambient pressure to assure the
same flow rate as the instrument normally pumps through the system, i.e.,
never pressurize the inlet or allow the pump to create a partial vacuum by
impeding pump flow.

2. Always select the zero gas and the majority component In the span gas to
be the same as the atmosphere to be sampled, i.e., use pure air as the
zero gas and an air calibration mixture if you intend to look for
contaminants in air. Conversely use nitrogen and nitrogen mixtures if you
intend to monitor contaminants in a nitrogen atmosphere.

3. Always select a calibration mixture that is reasonably close in
concentration to the average levels you would expect to find in the
atmosphere to be monitored.

Zero

1. Turn the POWER and PUMP switches on and depress the MODE switch once so
that you are monitoring background count. Allow the SIP 1000 to warm up
for approximately 15 minutes.

2. Sample a pure gas source as described above. When the count rate has
stabilized at its lowest value, depress MODE once more to zero the unit.
If there is any down—scale drift, as indicated by a negative reading on
the display, depress the set switch to re—zero. There is no limit on how
many times you can re—zero during this process. What the unit is doing is
storing the sum of both the zero and re—zero readings for subtraction from
subsequent readings. This updates the "zero."

Span (Refer to Figure 2)

1. Sample an appropriate calibration standard as previously discussed and
wait for the count rate to increase and stabilize.

2. Depress the MODE switch and note that the least significant digit (LSD) on
the display is now blank. Enter the value of your calibration standard as
follows: EXAMPLE, 14.5 ppm of Benzene, balance air,

a) Select 5 for LSD with the SET switch and depress MODE once to enter.
The third digit is then blank.

b) Select 4 with the SET switch and depress MODE to enter. The second
digit Is then blank.
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c) Select 1 with the SET switch and depress MODE to enter. The first

digit is then blank.

d) Select 0 with the SET switch and depress MODE to enter. CALIBRATION
IS NOW COMPLETE.

Recall (Refer to Figure 3)

After calibration has been completed, the instrument is ready to use in the
monitoring mode. However, it is suggested that you recall and record the
values you have entered and stored for background counts, span counts, and
calibration value. You will note that the background counts stored is the sum
of the counts zeroed and any rezero counts.

Recalibrate

The frequency with which you should recalibrate the SIP-bOO is a function of
operator judgment and is dictated by the desired accuracy, environmental
conditions and monitoring requirements. To reduce recalibration frequency,
the unit has been designed to minimize long—term drift with changes in
environmental conditions. Because it is many times difficult or even
impossible to have the necessary equipment available for accurate on—site
calibration, the following are available options:

1. An operator programmable microprocessor that stores the program for up to
10 years with the power off.

2. An electronic calibrator to dial in the values recorded as suggested
previously. This device replaces the reaction module to simulate detector
response and can also be used to change response factors as may be
required. In addition, it is a very useful diagnostic tool.

Maintenance

General Information

The unit should be periodically cleaned to avoid the build—up of particulates,
moisture, and other foreign materials that may affect operation. Dust,
moisture, or other liquids allowed to accumulate in the plumbing lines, probe
or detector elements could seriously damage the unit, or at a minimum, cause
restriction and/or coat surfaces that would degrade accuracy. Always clean
and perform routine maintenance before storage. Carefully pack the unit in
the carrying case with all accessories and store in a dry, clean area. Avoid
locations that may be exposed to severe environmental conditions such as the
trunk of your vehicle.
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Routine Maintenance

1. CHARGING: Always "top" charge the battery and hydride when not in use and
before storage.

2. CLEANING: Remove all items from the carrying case. Remove the
partitions, if necessary, and wipe out the inside of the case with a damp
cloth. Clean the outside with a lint roller, use a brush, soap and water,
if required. Wipe down the unit and all accessories with a damp cloth.
NEVER use solvents as they may damage the case, but more important, they
will be detected during operation. Avoid getting any moisture in open
fittings, tubing, connectors or reaction chamber. Inventory all items and
repack in the carrying case.

3. PROBE FILTER: The inlet end of the probe Is loosely packed with glass
wool to prevent particulates from entering the system. Periodically, push
it out with a fine wire from the tip end and replace.

4. INJECTION PORT: When injecting samples in the chromatograph mode, always
use a syringe with a minimum needle length of 2 inches. Periodically.
remove the needle guide and check the condition of the septa. Replace as
required to avoid leaks.

5. REACTION MODULES: A decrease in sensitivity, excessive drift or noisy
signal are Indicators that the PID or FIB modules require cleaning. Clean
the base of the FIB or window on the PID with a Q-tip soaked in Ethanol.
Rinse with de—lonized water and bake at 100C until dry.

6. LEAKS: Whenever the column is changed or fittings reconnected, there is
always the possibility for leaks. To avoid leaks, NEVER overtighten
fittings. To check for leaks, disconnect the column from the regulator
output and plug the fitting. Connect the hydride and set the pressure
regulator at 30 psi. Disconnect the hydride from the quick connect. The
pressure gauge should remain at 30 psi. If not, check all fittings and
injection port with a leak test soap solution. Take corrective measures
and reconnect the column.
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ASTM PROCEDURES USED FOR AREA AIR SAiMPLIG

ASTM Standard Practices will be followed to collect both airborne particulates
and organic vapors. These procedures will not be reproduced in this Appendix
due to copyright laws. A working copy will be avai1able in the field for use
as a reference.

One sample location will be set upwind and one station downwind of Air Force
Plant 4. Particulate filters and organic vapor tubes will be set to sample
for a 24 hour period, once per week for a period of four months. After the 24
hour sample period is complete the samples will be retrieved. New particulate
filters and organic sample tubes will be prepared and placed prior to the next
sampling event as per the ASTM methods.

D-4096—82 Standard Practice for
Application of the Hi-VOL (High—Volume) Sampler Method for
Collection and Mass Determination of Airborne Particulate
Matter

D-3686-84 Standard Practice for
Sampling Atmospheres to Collect Organic Compound Vapors
(Activated Charcoal Tube Adsorption Method)
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Protocol for Measuring Vapor Surface—Flux and Soil—Gas Concentrations
From Volatile Organic Compounds

INTRODUCTION

Organic compounds contaminating the groundwater or the soil and which are
sufficiently volatile to migrate through the soil, may escape at the soil/air
interface. Measurements of the rate of which volatile organic compounds
escape at the soil surface and the concentration of the compounds in the soil
atmosphere may be used to assess population and occupational health effects,
delineate areas of contamination, and evaluate the effectiveness of a remedial
action process at hazardous waste sites.

1. SCOPE

1.1 This document is intended to provide the user with a protocol for the
measurement of organic vapor flux at the soil/air interface and the
concentration of organic compounds in the soil atmosphere. Considerations for
performing surface—flux measurements using a passive accumulator device and an
adsorption canister, and active soil—gas sampling methods are emphasized.

1.2 Accumulator devices are used to determine the instantaneous flux based
on short term measurements. Analytical measurements can be performed in the
field using the Photovac TIP total organic vapor analyzer or a Photovac
portable gas chromatograph. Measurements obtained using the Photovac TIP
should be designated a nonreferee method while measurements obtained by the
gas chromatograph may be designated as a referee method.

1.3 Adsorption canisters are used to measure the average flux over periods
up to seven days. Samples collected with the adsorption device are returned
to the UNC Analytical Laboratory for analysis by gas chromatography. This

-

method is designated as a referee method.

1.4 Soil gas concentrations may be determined in the field by analyzing the
soil gas directly from the sample probe using the Photovac TIP or a specific
indicating detector. Samples may also be collected in an evacuated 125 ml
glass bulb and analyzing with the Photovac portable gas chromatograph at a
field laboratory. Samples submitted to UNC Analytical Laboratory for analyses
are collected on a sorbent and analyzed by gas chromatography. Procedures
using the Photovac TIP should be designated a nonreferee method while
procedures performed using the Photovac gas chromatograph and laboratory
analytical procedures may be designated as referee methods.

2. REFERENCED DOCUMENTS

2.1 Karp, K., 1988. FY—1988 Annual Report on Volatile Organic Compounds
Vapor Surface—Flux Measurements, WM-M—88-2, Internal Technical Report, UNC
Geotech, Grand Junction, Colorado.

2.2 Karp, K., 1989. FY-l989 Annual Report on Volatile Organic Compounds
Vapor Surface—Flux Measurements, EC—R—89—2, Internal Technical Report, UNC
Geotech, Grand Junction, Colorado.
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2.3 Karp, K., 1989. Rapid Groundwater and Soil-Gas Sampling, EC-R-89-1,
Internal Technical Report. UNC Geotech, Grand Junction, Colorado.

3. SIGNIFICANCE AND USE

3.1 Proper use of the surface—flux and soil—gas approach requires an
understanding of the site hydrogeologic environment, chemical and physical
properties of the organic compounds, meteorologic conditions, and limitations
of the analytical instrumentation and sampling equipment. Total organic
analyzers (i.e. TIP) are non—specific can cannot be used alone to distinguish
a response from a non—target compound. However, these instruments can be used
by personnel less skilled than required to perform quantitative measurements
by gas chromatography. Conversely, the ease of performing the analytical
measurement with a total organic analyzer tends to oversimplify the method and
may lead to misinterpretation of the results by those unfamiliar with the
limitations of the method.

3.2 Temporal surface vapor flux can be determined by sealing the open end
of a 3.1 L chamber to the surface of contaminated soil and monitoring the
concentration build-up. The time rate of change in concentration accumulated
inside the chamber is related to the flux. Advantages to this approach are
that a large number of screening measurements can be performed in the field,
relatively fast and inexpensively, without disturbing the site. Because of
the extreme variations that can occur in the temporal surface—flux, values
obtained over different time periods are generally not comparable. Use of a
base station to normalize data sets is not recommended. Measurements of this
type should be performed under the same sampling conditions to optimize
results.

3.3 Adsorption canister devices are sealed to the surface of the soil
several days before returning the sample to the laboratory for analysis.
Absolute surface flux values are calculated from measurements of the mass of
volatile organic compounds (VOCs) collected on the sorbent, collection
efficiency, sampling area of the collector, and exposure time. A major
advantage to this approach is that quantitative measurements can be conducted
for most of the VOCs on the EPA's priority pollutants list. Canisters are
simple, rugged, and can be deployed and collected by non-technical personnel.
Temporal variations in the surface—flux can be averaged out to some degree
using this method.

3.4 Small diameter hollow probes inserted several feet below the surface of
the ground are used to collect soil—gas samples. Probes can be inserted by
manually driving the probe with a slide hammer or pressing the probe into the
soil with a hydraulically powered mechanical system. For shallow sampling (4
feet or less) manual probing is preferred because of the ease and speed at'
obtaining samples. Difficult topographic access and areas restricting the use
of power equipment (i.e. close to petroleum storage tanks) preclude the use of
the hydraulic system. Deep sampling (over 4 feet) or when it is necessary to
first penetrate a cover (i.e. asphalt, concrete) the hydraulically powered
system should generally be used.

The user should be aware that a greater potential for cross-contamination
exists when using the hydraulic system. Contamination can result from exhaust
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fumes and, oil and grease used to lubricate the hydraulics. in addition, use
of the hydraulic system has greater potential for creating a lose seal between
the probe and the soil, resulting in a sample diluted with atmospheric air.

When the probe is at the desired depth, soil-gas may be analyzed directly for
a quick and qualitative indication of the presence of potential contaminants
by use of a total organic analyzer or a specific detector tube, attached to
the sample probe. For quantitative measurements samples are collected in a
glass bulb or on a sorbent bed and analyzed by gas chromatography.

4. HAZARD ANALYSIS

4.1 No hazards requiring controls have been identified with this protocol.
Controls associated with the use of hazardous material for the calibration and
decontamination of analytical instrumentation and the use of power equipment
for collecting samples may be found in the specific procedure. It is the
responsibility of the user of a specific procedure to establish appropriate
safety, health, and shipping practices and to determine the applicability of
regulatory limitations prior to its use.

5. LIMITATIONS

5.1 Interpretation of the measurement results, determining appropriate
sampling locations, and selecting the appropriate measurement and sampling
method to employ is dependent on the chemical and physical properties of the
organic compound, vadose zone characteristics, hydrogeologic parameters,
meteorologic conditions, and limitations of the analytical instrument.

5.1.1 Chemical and Physical Properties.

5.1.1.1 Organic compounds contaminating the groundwater or the soil
are more likely to be detected using either a surface—flux or a soil-gas
method if the compounds have relatively high vapor pressures and low aqueous
solubilities. The ratio of the partial pressure in the vapor to the
concentration in the liquid is expressed as Henry's law constant. Thus

organic compounds having relatively high Henry's law constants are more
conducive for partitioning from the aqueous phase into the soil gas.

Compounds having high vapor pressures and high solubilities may be detected if
the contamination results from a surface or vadose zone spill.

5.1.1.2 The rate of which a volatile organic compound escapes at
the soil/air boundary is governed by the concentration gradient of the
compound in the soil. A gradient established between the source of
contamination and the ground surface is dependent on the vapor concentration
at the source and the path length the compound has to diffuse to reach the
surface. Contamination occurring in relatively low concentration from a
relatively deep zone will be more difficult to detect by the surface-flux
method. Conversely, relatively high concentrations of a contaminant occurring
near the surface of the ground may not be detected by deep soil-gas sampling.

5.1.1.3 Organic compounds diffusing through the soil may be
adsorbed by organic carbon matter (i.e. vegetation) which will tend to reduce
soil gas concentrations and the surface flux. The organic carbon distribution
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coefficient which relates the affinity for a compound to adsorb onto organic
carbon can be used to evaluate this potential effect.

5.1.1.4 The density of a compound occurring in the groundwater will
have an important influence on the success of a particular soil-gas or surface
flux measurement method. Compounds with specific gravities greater than one
may sink through the saturated zone. Organic compound with specific gravities
less than one and having a high Henry's constant would be considered more
favorable for being detectable.

5.1.1.5 Melting points of particular organic compounds and the soil
temperature should be considered when evaluating if a particular compound has

potential to be present in the vapor phase. Compounds with melting points
above ambient soil temperature will remain mostly in the solid phase.

5.1.1.6 Biodegradation of some organic compounds can occur if soil
temperature, pH, oxygen concentrations, and nutrient conditions are optimum.
Organic compounds may degrade at a faster rate than they can migrate away from
the area of contamination, greatly reducing the efficiency of the soil gas or
surface flux measurement methods.

5.1.2 Vadose Zone Characteristics.

5.1.2.1 The porosity and moisture content of the soil will
determine the extent of migration of a particular organic vapor. Diffusion
coefficients for organic vapors are approximately 10,000 times lower in water
than they are in air. Increasing the moisture content of a soil will
therefore decrease the diffusivity of the organic vapor. Increasing the
moisture content reduces the air filled porosity, while at the same time tends
to increase the soil—gas concentrations and decrease the surface—flux.

5.1.2.2 Site lithology will effect the soil—gas vapor
concentrations, surface—flux, and diffusion distance. Vapor fluxes through
unconsolidated and dry lithology such as course sand or gravel may be
relatively high, while finer and more dense material such as clay, can be
effective diffusional barriers. Both lateral and vertical changes in
lithology and the thickness of the vadose zone (diffusion path length)
overlying the contaminant source should be considered a factor in deciding the
appropriate sampling depth for soil gas analyses.

5.1.3 Hydrogeologic Parameters.

5.1.3.1 Groundwater flow direction and velocity should be
considered when deciding on where to locate.soil-gas or surface-flux sample
locations to define a boundary of a groundwater contaminant plume.
Groundwater flow direction will influence the areal extent of contaminant
transport while the velocity will determine the degree of contaminant
dilution.

5.1.3.2 Fluctuations in the ground—water level may effect the
lateral or horizontal vapor migration pattern. For example, organic
contaminants floating on the surface of a rising water table may be exposed to
more permeable lithology allowing greater vapor migration.
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5.1.4 Meteorological Conditions.

51.4.1 Surface-flux measurement results can be affected by
temporal meteorological changes. Decreasing barometric pressure combined with
windy conditions may deplete the near surface soil gas concentrations to
levels that are below detection limit. Precipitation may increase the
moisture content in the vadose zone to significantly attenuate the surface
flux. One way to reduce temporal meteorological effects would be to perform
surface—flux measurements only after a 48 hour period of stable weather
conditions. Increasing the depth soil—gas samples are obtained will also tend
to dampen the effect. Seasonal variations in meteorological conditions can
also effect soil-gas concentrations and surface-flux. During the winter and
summer nights, soil temperature gradients may exist and thermal diffusion of
organic vapors to the surface will by induced. When ambient temperatures
freeze the soil surface, a capping effect is produced which tends to increase
soil—gas concentrations and decrease the surface-flux.

6. INTERFERENCES

6.1 The Photovac TIP total organic vapor analyzer is non—specific and
cannot be used alone to distinguish a response from a non-target organic
vapor. Interference can occur from man made or naturally occurring non-target
compounds which have an ionization potential in the energy range of the
ultraviolet lamp used in the TIP. Interference will also occur when the soil
gas atmosphere has a reduce oxygen content which may lead to a false
indication of contamination. Temperature and humidity can effect the
linearity of the instrument.

6.2 Interference using the Photovac portable gas chromatograph will result
from lower boiling point compounds that will elute through an ambient
temperature chromatographic column and having an ionization potential in the
energy range of the ultraviolet lamp used in the 10S70. The degree of
interference is greater for those compounds having similar retention times to
the compounds of interest.

6.3 Specific indicator tubes relate the length of a stain produced by a
colorimetric reaction on a sorbent to the concentration in the atmosphere
sampled. However since a common chemical reaction is used for detecting
organic compounds most tubes are not all that specific. Evaluating a
potential interference from non—target organic compounds requires a specific
knowledge of the reagent and the corrections to the tubes calibration scale.

6.4 Interference can result due to cross—contamination from sampling
equipment. Visible contamination on soil-gas sample probes can usually be
removed by a wire brush followed by a chemical wash. Flushing the sample
probes with an ultra pure chromatographic grade air after each sample has been
collected is mandatory. Routine method and trip banks should always be
collected even if cross-contamination is not suspected.
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7. PRECISION AND BIAS

7.1 Using the accumulator can for an accumulation period of 2 minutes will
result in a reported flux biased 1 percent low. The bias will increases to
approximately 11 percent for a 20 minute accumulation period. The precision,
expressed as the coefficient of variation (s/x), for flux measurements
performed on a controlled laboratory model having a relatively high and
constant organic vapor surface flux, is less than 20 percent. Precision for
field measurements can be over 60 percent in some instances, since a true
duplicate measurement can not be obtained.

7.2 Similarly the precision of the adsorption canister was also determined
by replicate measurements on a controlled laboratory model. The precision,
expressed as the coefficient of variation (six), is approximately 18 percent,
but can also increase up to 40 to 60 percent for field measurements.

7.3 The reproducibility of soil—gas analyses performed at the same sample
location from the same sample probe is generally less than 10 percent
[coefficient of variation (s/x)] for the Photovac gas chromatograph. A
coefficient of variation of 20 to 30 percent is typical for replicate soil-gas
analyses performed using the Photovac TIP or a colorimetric specific indicator
tube.

8. PATENTS

8.1 Invention disclosures for the accumulator device and the adsorption
canister were submitted to the U. S. Department of Energy, Office of Patent
Counsel.
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Standard Practice for Installation of Soil-Gas Sampling Probes

I NTRODEJCT I ON

Soil-gas surveys are often performed to delineate areas of potential
contamination and to evaluate the effectiveness of a remedial action process
at hazardous waste sites. Samples are collected from hollow probes inserted
into the soil at a predetermined sampling depth. For screening areas of
potential contamination sample probes can be rapidly installed up to 20 feet
in ideal soils. Sample probes can also be left in place for subsequent sample
collecting if long—term monitoring is required.

1. SCOPE

1.1 This document is intended to provide the user with a procedure to
install soil—gas sample probes. Procedures are outlined to install probes
either manually or with a hydraulically powered system.

2. REFERENCED DOCUMENTS

2.1 Karp, K. E. 1989. Rapid Groundwater and Soil—Gas Sampling, EC-R-89-l,
Internal Technical Report. UNC Geotech, Grand Junction, Colorado.

2.2 Geoprobe Model 8—A Operator and Maintenance Manual, Geoprobe Systems,
607 Barney, Sauna, Kansas, 67401, April 7, 1989.

2.3 Karp, K. E. 1990. Standard Procedure for Collecting Volatile Organic
Compounds in Soil—Gas, Technical Procedure, UNC Geotech, Grand Junction,
Colorado.

3. SIGNIFICANCE AND USE

3.4 Small diameter hollow probes inserted several feet below the surface of
the ground are used to collect soil—gas samples. Probes can he inserted by
manually driving the probe with a slide hammer or pressing the probe into the
soil with a hydraulically powered mechanical system. For shallow sampling (4
feet or less) manual probing is preferred because of the ease and speed of
obtaining samples. Difficult topographic access and areas restricting the use
of power equipment (i.e. petroleum storage tanks) preclude the use of the
hydraulic system. Deep sampling (over 4 feet) or when it is necessary to
first penetrate a cover (i.e. asphalt, concrete) the hydraulically powered
system should generally be used.

4. HAZARD ANALYSIS

4.1 Procedures discussed in this practice may involve the use of hazardous
material for the calibration and decontamination of analytical instrumentation
and the use of power equipment for installation of sample probes. It is the
responsibility of the user of this practice to establish appropriate safety,
health, and shipping practices and to determine the applicability of
regulatory limitations prior to its use.

4.2 A major safety concern installing sample probes manually or
hydraulically is the possibility of encountering buried utilities. Safe—
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guards are provided by requiring proper work permits to be secured and -a UNC

utility survey completed prior to any probing.

4.3 The major safety concern using the manual probe is the possibility that
the hammer may separate from the probe. A retaining ring has been
incorporated into the design to reduce this possibility.

4.4 The hydraulically powered sample probe is relatively easy to operate
and safe when used properly. Proper use of this equipment is maximized by
providing training to the operators. No one shall operate this equipment
unless orientation, qualification, and relevant job training has been
documented. In addition it is the responsibility of all operators using the
practice to read and become familiar with section 11 of this document titled

Operation Safety Cautions.

5. EQUIPMENT AND SUPPLIES

5.1 Manual Probe

5.1.1 Six—foot long, hollow, steel sample probes.
5.1.2 Three pound slide hammer.
5.1.3 Expendable drive points, plastic or metal depending on the

nature of the investigation.
5.1.4 Retainer disk.
5.1.5 Sample manifold.
5.1.6 Cylinder of ultra—pure ambient monitoring air.
5.1.7 Regulator to fit ultra—pure ambient monitoring air cylinder.
5.1.8 Steel—toed shoes.
5.1.9 Ear protection.
5.1.10 Cloth or leather gloves.

5.2 Hydraulic Powered Probe

5.2.1 Geoprobe model 84 Hydraulic Hammer—Drill mounted in the rear
of a cargo van or 4 wheel drive vehicle.

5.2.2 Wire brush.
5.2.3 Grease gun.
5.2.4 Fuses.
5.2.5 Three—foot long sections of drill rods with conventional

threads.
5.2.6 Drive and pull caps.
5.2.7 Hammer anvil and drive point holder.
5.2.8 Carbide tipped drill bit to penetrate asphalt.
5.2.9 Expendable drive points, plastic or metal depending on the

nature of the investigation.
5.2.10 Retractable sample point.
5.2.11 Soil-gas sampling cap.
5.2.12 Hydraulic fluid, filters, and wrench set.
5.2.13 Cylinder of ultra—pure ambient monitoring air.
5.2.14 Regulator to fit ultra—pure ambient monitoring air cylinder.
5.2.15 Steel—toed shoes.
5.2.16 Safety glasses with side shields or goggles.
5.2.17 Ear protection.
5.2.18 Heavy leather gloves.
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5.2.19 Fire extinguisher.
5.2.20 Wheel chocks for all four wheels.
5.2.21 Exhaust pipe extension.

6. INSTALLATION PROCEDURES

6.1 Manual Sample Probe

6.1.1 Obtain proper engineering work permits. This usually involves
written permission from the organization responsible for the administration of
civil engineering activities stating that the proposed area to be surveyed has
been checked and cleared for utilities. Other site specific permits may also
be appropriate.

6.1.2 Identify specific sample locations by marking each location with a
survey flag or equivalent method of identification.

6.1.3 Obtain a utility survey at each specific sample location as per
standard UNC procedure.

6.1.4 Place an expendable drive point into the nonthreaded end of the
sample probe.

6.1.2 Place the end of the probe containing the drive point at the
sample location.

6.1.3 Slide the 3—pound hammer over the top of the probe.

6.1.4 Thread the retaining disk on the top of the probe. This is a
safety measure to insure that the 3-pound hammer does not separate from the
probe during installation. Separation could result in serious injury to the
user.

6.1.5 Slowly slide the hammer to the top of the probe and with one quick
smooth and even motion quickly bring the hammer down to the lower retaining
ring. This ring is a permanent part of the sample probe. Repeat this motion
until the probe is at the desired depth.

6.1.6 Reverse step 6.1.5 so that the probe is pulled up out of the hole
to a distance of 4—inches. This allows the expendable drive point to
disengage from the probe and allows a cavity to draw a sample from.

6.1.7 Remove the upper retaining ring.:

6.1.8 Thread the sampling manifold to the top of the probe.

6.1.9 Collect the sample as described by a specific sampling procedure
or a work plan.

6.1.10 Remove the sampling manifold.

6.1.11 Thread the upper retaining disk to the top of the probe.

6.1.12 Reverse step 6.1.5 so the probe is pulled out of the sample hole.
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6.1.13 Flush the sample probe with ultra pure air at a rate of 2 Lpm for

30 seconds.

6.2 Hydraulically Powered Sample Probe

6.2.1 Obtain proper engineering work permits. This usually involves
written permission from the organization responsible for the administration of
civil engineering activities stating that the proposed area to be surveyed has
been checked and cleared for utilities. Other site specific permits may also
be appropriate.

6.2.2 Identify specific sample locations by marking each location with a
survey flag or equivalent method of identification.

6.2.3 Obtain utility survey at each specific sample location as per UNC
procedure.

6.2.4 Position the vehicle so that the rear bumper is centered
approximately 2 feet from the sample location.

6.2.5 Set the truck's parking brake.

6.2.6 Place chocks around all four tires.

6.2.7 Install the exhaust extension so that the engines fumes are
directed away from the rear of the vehicle.

6.2.8 Ensure that the hydraulic switch is in the OFF position.

6.2.9 Secure the rear doors in an open position and turn the oil cooling
fan switch to ON.

6.2.10 Check the hydraulic fluid level. Fluid should be within 1/2 inch
of the mark on the dipstick.

6.2.11 Request all personnel to move at least 6 feet from the vehicle.

6.2.12 Turn the hydraulic switch to the middle position (low throttle
with the hydraulic system engaged).

6.2.13 Extend the hydraulic ram horizontally out through the rear of the
vehicle by pushing the EXTEND and the FOQT controls in the down position. The
ram should be extended to maximum length to clear the top of the vehicle when
rotated in the vertical position.

6.2.14 Rotate the ram into a vertical position by pushing the FOLD lever
in the down position.

6.2.15 Retract the horizontal ram 6—12 inches back into the vehicle by
pushing the EXTEND control in the up position.

6.2.16 Lower the foot to the ground surface by pressing the FOOT lever.
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6.2.17 Turn the hydraulics off by placing the switch to the DOWN

position.

P.2.18 Insert the hammer anvil into the drill and secure with the hammer
hitch. Make sure that the hammer rotation control is in the middle position
indicating no rotation.

6.2.19 Prepare the first probe by inserting an expendable tip into the
lower end and screwing a drive cap on the top of the probe.

6.2.20 Turn the hydraulic switch to the middle position and raise the ram
far enough to stand the probe in a vertical position under the hammer anvil.

6.2.21 Holding the prepared probe in a vertical position under the hammer
anvil, carefully lower the ram, guiding the probe into the recess in the
hammer anvil.

6.2.21 Pull the PROBE lever back to slowly and carefully lower the rain a
few inches into the soil while maintaining the probe in a near vertical

position as possible.

6.2.22 Press the probe slowly to the desired depth using the PROBE lever.
Hammer only if necessary to avoid enlarging the hole and abusing the
equipment. This will require that the hydraulic switch be in the up, high
throttle position. If hammering is required to penetrate more difficult
material, raise the foot, turn the hammer rotation switch to the left, and
hold the HAMMER lever all the way down while controlling the pressure on the
drill stein with the PROBE lever.

6.2.23 If additional depth is required raise the ram using the PROBE
control lever to allow attachment of another probe. If not go to step 6.2.27.

6.2.24 Turn the hydraulic switch to the OFF position.

62.25 Unscrew the drive cap from the driven probe and screw on the next
probe section. Attach the drive cap to the top of the new probe section.

6.2.26 Turn the hydraulic switch to the middle position and lower the ram
carefully while guiding the drive cap into the recess in the hammer anvil.
The ram can be realigned with the probe if necessary by raising the foot and
retracting the ram.

6.2.27 At the desired depth, raise the ram 4 inches from the bottom of
the hole, using the PROBE control lever.

6.2.23 Turn the hydraulic switch to the OFF position (down position).
Relieve the hydraulic pressure on the hammer anvil by pressing the 1-IAMMER
lever down. Release the hammer 1atch and remove the anvil.

6.2.29 Remove the drive cap from the probe.

6.2.30 Thread on the soil—gas sampling cap on the drive probe.
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6.2.31 Obtain the proper soil—gas sample according to a speciNc swupling

procedure (TBD) or a project work plan.

6.2.32 Remove the soil-gas sampling cap.

6.2.33 Thread on the pull cap.

6.2.34 Turn the hydraulic switch to ON (middle position) and lower the
ram until the hammer latch can be rotated over the pull cap.

6.2.35 Pull the probe sections out of the hole by pressing the PROBE
control up. The high throttle may be engaged during this step by temporarily
placing the hydraulic switch in the up position.

6.2.36 Flush each section of sample probe with ultra pure air at a rate
of 2 Lpm for 30 seconds.

6.2.37 Remove dirt from the outside of the probe with a wire brush and
cloth before storing it in the rack next to the Geoprobe.

6.2.38 Verify that the hammer anvil or other tool has been removed from
the machine before folding down the ram to the horizontal position.

6.2.39 Adjust the FOOT ram so that the top is about 5 inches below the
probe cylinder shaft. Extend the horizontal ram away from the truck and then
carefully fold the vertical ram to the horizontal storage position. Retract
the ram into the vehicle for transportation.

6.3 Operation Safety Cautions

6.3.1 Always set the vehicle parking break before starting probing
operations.

6.3.2 Always extend the probe unit out from the vehicle before folding
the probe unit out.

6.3.3 Assembly and disassembly of probe sections beneath the machine
shall always be performed by the person operating the hydraulic controls.
Never put your hand on top of a probe section while is under the machine.
Always turn the hydraulic system off when assembling or disassembling probe
sections.

6.3.4 Operators shall always wear OSHA approved steel toed shoes. Keep
your feet clear of the machine FOOT.

6.3.5 Turn off the hydraulic system while inserting the HAMMER anvil for
driving.

6.3.6 Wear safety glasses at all times during the operation of this
equipment.

6.3.7 Never exert down pressure on a probe section so as to lift the
machine FOOT over six inches off the ground.
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6.3.8 Never exert down pressure on a probe section Sc) as to lift the
rear tires of the vehicle off the ground.

6.3.9 Always remove the HAMMER anvil or other tool from the machine
before folding the machine to the horizontal position.

6.3.10 Use caution when operating over dry grass since the vehicle
catalytic converter is hot and nay present a fire hazard.

6.3.11 Operators shall wear ear protection. OSHA approved ear
protection for sound levels exceeding 85 dBA is recommended.

6.3.12 Know the location of buried or covered utilities or services
before you start to drill or probe.

6.3.13 Shut down the hydraulic system before attempting to clean or
service the equipment. Accidental engagement of the machine may cause injury.

6.3 Maintenance

6.4.1 The Geoprobe Operator and Maintenance Manual contains the
necessary information and procedures for servicing this machine. A permanent
record book of repairs and periodic maintenance shall be kept in the vehicle.

6.4.2 Check the hydraulic fluid reservoir level at the beginning of each
operating day. Maintain the oil level within one—ha1f inch of the cold fill
level on the dip stick. Appropriate oil for filling are listed in the
operator and maintenance manual.

6.4.3 Grease should be applied to the derrick slide (two fittings on
each side), and the derrick end of the fold cylinder (one fitting) on a weekly
bas is.

6.4.4 Check the oil cooling fan each day and make sure that it is

operating properly.

6.4.5 This machine vibrates. Tighten bolts and hydrauJic fittings at
least monthly.

6.4.6 Keep the tool threads clean. Wire brush them to remove dirt after
every use.

6.5 Training and Qualifications

6.5.1 The Geoprobe is fairly simple and safe to operate. However, to
further minimize the possibility of injury or damage to the equipment,
training in the proper use of the Geoprobe is required of all Geoprobe
operators. All operators shall be trained through actual use by a Geoprobe
Systems factory representative or a qualified UNC Geoprobe operator.

6.5.2 Qualification as a IJNC Geoprobe operator will not be granted.
however, to either experienced heavy equipment operators or to those who have
completed the above orientation until a satisfactory level of proficiency is
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demonstrated to a Geoprobe Systems factory representative, a qualiied UNC
Geoprobe operator, the ECRA manager, or the UNC drilling supervisor.
Orientation, qualification, and relevant job training shall he documented by
the operators organization.
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Standard Procedure for Collecting Volatile Organic Compounds in Soil-Gas

INTRODUCTION

Soil—gas surveys are often performed to delineate areas of potential
contamination, evaluate the effectiveness of a remedial action process, or
assess population and occupational health effects at hazardous waste sites.

1. SCOPE

1.1 This document is intended to provide the user with a procedure to
collect volatile organic compounds in soil—gas from a previously
installed sample probe. Soil—gas concentrations may then he determined
in the field by analyzing the soil gas directly from the sample probe
using a Photovac TIP total organic analyzer or with a specific
indicating detector. Samples may also be collected in an evacuated 125
mL glass sample bulb for analysis in the field with a portable gas
chromatograph or collected on a sorbent and submitted to the UNC

Chemistry Laboratory for analysis by gas chromotography.

2. REFERENCED DOCUMENTS

2.1 Photovac. 1986. TIPI Users Manual. Photovac International
Incorporated, 741 Park Avenue, Huntington, New York 11743, 34 p.

2.4 Karp, K. E. 1990. Protocol for Measuring Vapor Surface-Flux and Soil—
Gas Concentrations from Volatile Organic Compounds, Technical
Procedure, UNC Geotech, Grand Junction, Colorado.

2.5 Karp, K. E. 1990. Standard Practice for Installation of Soil-Gas
Sampling Probes, Technical Procedure, UNC Geotech, Grand Junction,
Colorado.

2.6 Spangler, R. R. 1990. Technical procedure for calibrating low volume
sample pumps, UNC Geotech, Grand Junction, Colorado.

3. SIGNIFICANCE AND USE

3.1 Soil-gas samples may be analyzed directly in the field for a quick and
qualitative indication of the presence of potential contaminants by use
of a total organic analyzer or a specific indicating detector. For
quantitative measurements samples are collected in a glass sample bulb
and analyzed in the field using a portable gas chromatograph or
collected on a sorbent bed and returned to the IJNC Chemistry Laboratory

for analysis by CC/MS.

4. HAZARD ANALYSIS

4.1 It is the responsibility of the user of this procedure to establish
appropriate safety, health, and shipping practices and to determine the
applicability of regulatory limitations prior to its use.
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5. PRECISION AND BIAS

3.1 The coefficient of variation (s/x), for soil-gas measurements performed
by methods described in this procedure are typically in the order of 25

percent.

6. EQUIPMENT AND SUPPLIES

6.1 Total Organic Vapor Method.

6.1.1 Photovac TIP.
6.1.2 Portable battery pack, 12 V.
6.1.3 Tedlar sample bags, 0.5 to 2.0 L volumes.
6.1.4 Calibration gas standard for analyte of interest.

6.1.5 Single stage gas regulator for calibration gas cylinder.

6.2 Specific Indicating Detector Method.

6.2.1 Specific indicator detector for analyte of interest.
6.2.2 Tygon tubing to connect the detector to the sample probe.
6.2.3 Hand vacuum pump.

6.3 Glass Sample Bulb Method.
6.3.1 125 mL glass sample bulb equipped with Teflon stopcocks and sample

septum.
6.3.2 Hand vacuum pump.
6.3.3 Tygon tubing to connect the bulb to the sample probe.

6.4 Sorbent Tube Method.

6.4.1 Supleco Carbotrap 300 sorbent tube.
6.4.2 Low volume battery operated vacuum pump.
6.4.3 Tygon tubing to connect sorbent tube, vacuum pump, and sample probe.

7. PROCEDURES

7.1 Sample Collection Using A Total Organic Vapor Analyzer.

7.1.1 Calibrate the TIP (Photovac, 1986) to analyte of interest and
record results in field record book or on field information data
sheet according to project needs and requirements.

7.1.2 Connect the TIP to the top of previously installed sample probe
manifold with Tygon tubing.

71.3 Subjectively determine the average and maximum response over a 60
minute measurement period.

7.4 Record the results in a field notebook or on a field data form as
dictated by the project needs and requirements.

7.2 Sample Collection using colorimetric indicator tubes and pumps.

This procedure specifies the requirements and methods for using colorimetric
tubes and pumps.
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Colorimetric indicator tubes are used to indicate a specific chemical. Tubes
are available in different detector concentrations. While in storage they
should be refrigerated. Tubes should not be used that have exceeded their

stamped expiration date.

FIELD CHECK

All colorimetric indicator tubes and pumps should be field checked prior to
use. This field check tests for leaks in the following manner:

7.2.1. Insert unbroken tube into pumps tube holder.
7.2.2. If using a bellows-type pump, squeeze the bellows. After 60

seconds, bellows should not regain its original shape or chain
should not be taut. If a pump fails this test, it should be
serviced according to manufacturer1s instructions.

OPERATION

The following steps are used for device operation:

7.2.3. Break off both tips of a fresh colorimetric indicator tube in
break-off eyelet on front cover plate or in break-off husk (an
accessory).

7.2.4. Insert tube into pump head with arrow on tube pointing towards
pump.

7.2.5. Hold pump between thumb and the base of index finger with front
cover plate contacting finger.

7.2.6. Insert end of tube into sample atmosphere or connect the intake end
of the specific detector to the top of the previously installed

sample probe manifold using Tygon tubing.

7.2.7. Compress the bellows completely with a squeezing motion assuring
that the total volume of the bellows is used.

7.2.8. Release grip and allow chain to become taut, signifying that 100cc
of air have been pulled through the tube. Be sure to keep the tube
end in the sample atmosphere during the specified time.

7.2.9. Complete steps 5 and 6 as many times as the tube's instructions
state.

7.2.10. Read concentration of material in air at stained / unstained
interface.

7.2.11. If chemical concentration in air is very high compared to the
sampling tube detection limits, the entire tube may change color
instantly; colors should be verified by comparison with an unopened
indicator tube.
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7.3 Sample Collection Using Glass Bulbs.

7.3.1 Close the stopcocks on the l25 mL glass sample bulb,
7.3.2 Connect the hand vacuum pump to one of the stopcocks on the glass

sample bulb with Tygon tubing.
7.3.3 Open the stopcock that is connected to the vacuum pump.
7.3.4 Pump the air out of the bulb using the hand vacuum pump.
7.3.5 Close the stopcock.
7.3.6 Connect the glass sample bulb to the top of a previously installed

sample probe manifold.
7.3.7 Open the stopcock on the glass sample bulb to draw vapor from the

accumulator.
7.3.8 Close the stopcock.
7.3.9 Repeat steps 7.3.2 to 7.3.8.
7.3.10 Record the sample date, time, and location in a field notebook or

on a data information sheet as dictated by project needs and

requirements.
7.3.11 Immediately return the sample bulb to a field laboratory for

analysis by gas chromatography.

7.4 Sample Collection Using A Sorbent.

7.4.1 Connect the intake end of the Supelco Carbotrap 300 sorbent tube to
the top of a previously installed sample probe manifold using
Tygon tubing.

7.4.2 Connect the other end of the sorbent tube to the intake end of the

low volume vacuum pump using Tygon tubing.
7.4.3 Turn on the vacuum pump.
7.4.4 Obtain a predetermined volume of sample. This volume shall not

exceed 10 liters to prevent breakthrough and shall be based on the
laboratory detection limit and expected soil-gas concentrations.

7.4.5 Place the sorbent tube inside its glass shipping container.
7.4.6 Label the shipping container with the sample collection date, time,

and location.
7.4.7 Return the sample to the UNC Chemistry Laboratory for analysis.

A9.3-L+



53 262

COLORIMETRIC INDICATOR TUBES AND PUMPS - Dräger

This procedure specifies the requirements and methods for using Eiriger tubes
and pumps.

Driger indicator tubes are used to indicate a specific chemical. Tubes are
available in different detector concentrations. While in storage they should
be refrigerated. Tubes will not be used that have exceeded their stamped
expiration date.

FIELD CHECK

All colorimetric indicator tubes and pumps should be field checked prior to
use. This field check tests for leaks in the following manner:

1. Insert unbroken tube into pump tube holder.

2. If using a bellows-type pump, squeeze the bellows. After 60 seconds,
bellows should not regain its original shape or chain should not be taut.
If a pump falls this test, it should be serviced according to
manufacturer's instructions.

OPERATION

The following steps are used for instrument operation:

1. Break off both tips of a fresh colorimetric indicator tube in break-off
eyelet on front cover plate or in break-off husk (an accessory).

2. Insert tube into pump head with arrow on tube pointing towards pump.

3. Hold pump between thumb and the base of index finger with front cover
plate contacting finger.

4. Insert end of tube into sample atmosphere.

5. Compress the bellows completely with a squeezing motion assuring that the
total volume of the bellows is used.

6. Release grip and allow chain to become taut, signifying that 100cc of air
have been pulled through the tube. Be sure to keep the tube end in the
sample atmosphere during the specified time.

7. Complete steps 5 and 6 as many times as the tube's instructions state.

8. Read concentration of material in air at stained / unstained interface.

9. If chemical concentration in air is very high co,npared to the ,amp1ing
tube detection limits, the entire tube may change color instantly; colors
should be verified by comparison with an unopened indicator tube.

A9i4-



53 263

WELL-LOCATION SURVEY

INTRODIJCT ION

This procedure describes the equipment and methodology used in the
performance of a well-location survey. Both the location and elevation wiJi
be determined for all permanent monitoring wells installed at AFP 4.

REFERENCE DOCUMENTS

AGA Geotronics AB. Geodimeter 12A Operating Manual, Sweden, 40 p.

Asahi Precision Co. , Ltd. Pentax PX—06D/PX—1OD EDM Theodolite Instruction

Manual, Tokyo, Japan, 40 p.

Carl Zeiss. Th2 Theodolite-Instructions for Use and Adjustment, Oberkochen,

West Germany, 26 p.

Davis, R. E., and F. S. Foote, 1940. Surveying-Theory and Practice, McGraw-
Hill Book Company, Inc., New York, N.Y., 1032 p.

Tokyo Optical Co. , Ltd. Topcon EDM Theodolite Geodetic Total Station GTS-2B

Instruction Manual, Tokyo, Japan, 75 p.

SIGNIFICANCE AD USE

Accurate coordinate locations are required for a permanent record of where
samples were collected, accurate plotting of data, and computer modeling of
data. The elevation data is used for determining not only the elevation of
the ground surface at the well, but for also for determining an accurate
elevation of the water table based on a known measuring—point elevation (which
is usually the top of the surface casing).

APPARATUS

Tripod

Bruntori Compass

Optical Reading Compass

Philadelphia Level Rod -

Range Pole

Fargo Level Rod

Steel Tapes

Cloth Measuring Tapes

Total Station (combined theodolite and electronic distance meter)

Theodolite
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Geodimeter

Portable Drawing Board

Survey Stakes

Other Survey Markers

PROCEDURES

Calibration

1. Although the theodolite does not generally need to be calibrated, it is
possible that the tubular level, the circular level, or the line of
sight may require adjustment. The theodolite is in adjustment if the
tubular plate level will center on the midpoint, irrespective of the
position in which the adjustment is rotated. The circular-level bubble
should be centered through two right-angle turns of the theodolite.
The line of sight is in adjustment if readings of a bearing on 1)0th
faces differ by exactly 180 degrees.

2. The geodimeter is in adjustment when there is no deviation in measurement
between a known standard distance and the distance as measured by the
instrument. A deviation of several tenths of a foot or less does not
require adjustment, but a correction factor should be noted and applied
in those cases where extreme accuracy is required. When instrument
readings become very erratic, the instrument must be serviced by
a qualified technician.

3. The total station is adjusted using the methodologies described in the
previous two steps. Each step pertains to its own function within the
instrument.

Survey

1. Locate existing survey control points from previous investigations (brass
caps, fence corners, building corners, existing monitoring wells).

2. Check the accuracy of the existing control—point locations by measuring
the distance between two known locations via the total station or
geodimeter (for measurements up to a maximum of 2 miles).

3. If necessary, establish new survey control points to be used for
subsequent distance measurements to soil boring sites or monitoring
wells. These points will be established and marked using a 2-foot piece
of *5 rebar located within 0.5 foot.

4. All borehole locations will be located from existing or new control
points using the AFP 4 northing and easting coordinate system previously
established for the site. These will be established using the total
station or geodimeter by:

a. Mount and level the instrument over a bench mark, section corner, or
other control station.
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b. A backsight point, whose bearing and measured distance from the
control station are known, shall be located and sighted with the
instrument. The horizontal vernier shall be set to zero while
sighting the backsight point.

c. Rotate the instrument to sight the well location and read the
horizontal angle with the vertical crosshair set on the well. Obtain
the vertical angle with the horizontal crosshair centered on the

target.

d. Determine the horizontal distance between the two stations using the
total station or geodimeter while sighting on the reflecting prism
located at the well.

BOREHOLE ELEVATIONS

Elevations of the boreholes will be established by differential leveling
between two or more points using the following procedure.

1. Start at a benchmark or other point of known elevation.

2. Set up the level at a convenient point between the benchmark and the
next benchmark or turning point.

3. Observe and record the level rod reading at the backsight benchmark.
add the reading to the known elevation of the benchmark and record the
total as the height of the instrument.

4. Obtain a level rod reading at a new station and record. Subtract this
reading from the height of the instrument to determine the elevation
of the new station. Rod readings for a number of stations may be read
from one setup location and the elevations determined using the same
height-of--instrument measurement.

5. Once the elevation of the borehole or well is established, take a rod
reading to a known benchmark to close the circuit and determine the
error of closure to verify the accuracy of the circuit closure.
Elevations will be determined to within 0.1 foot.

6. All measurements will be recorded in a bound survey notebook. The
coordinates and elevations will be input later into the project computer
data base along with the well or boring identification number.
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SITE SPECIFIC PROCEDURE CHANGE or NOTICE

PROCEDURE: Ground Water Monitoring Wells - Design and Installation

PROJECT or SITE: Air Force Plant 4

VAR lANCE

General Comments:

This practice may involve hazardous materials, operations, and equipment.
This standard does not purport to address all the safety problems associated
with its use. It is the responsibility of the user of this practice to
establish and follow appropriate safety and health practices, as defined by
the site specific Health and Safety Plan.

The UNC project manager, project hydrologist, or their qualified designee must
be present to supervise the installation of monitoring wells and is
responsible for following procedures, making field decisions regarding
specific details such as selecting the screened internal, and approving
variations, such as a change in monitoring well locations. All variances must
be documented in the bound field notebook. The project manager (or designee)
is responsible for establishing decontamination procedures to prevent cross
contamination between boreholes and between different zones within the same
borehole. It is their responsibility to ensure that all samples, wastes and
hazardous materials are handled, stored, disposed of, and transported in
compliance with all applicable requirements.

The field crew is responsible for following the procedures, making lithologic
logs and completion diagrams in the field, measuring the depth to the top of
each type of fill material, developing the wells, collecting water samples,
and collecting and disposing of borehole fluids in compliance with al.1
applicable requirements.

All employees and subcontractor personnel are required to follow the
procedures in the Air Force Plant 4 Health and Safety Plan and must be
familiar with it before work begins. All personnel are further required to
follow the direction of General Dynamics or Air Force security and fire
officials. Monitor well installations will be in accord with all Federal,
State, and Local regulations.

Specific Changes:

4.5.2 A sediment sump may have questionable va1ue for some monitoring wells
and may be desirable for others. The decision whether or not to
install a sediment sump should be made by the project hydrologist.
This decision will be based on site specific lithology.

5.3.3 Groundwater Flow Direction —- Note that a potentiometric surface map is
only rigorously valid for horizontal flow in horizontal confined
aquifers. If these conditions are not met, a potentiometric surface
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map can be misleading (Freeze and Cherry, 1979) The project
hydrologist will determine whether a potentiometric surface map should
be prepared.

6.1 NOTE 1.5 —— If Material Safety Data Sheets (MSDS) exist for materials
used in well construction, they shall be obtained and made available on
site. Because of the hazards associated with airborne particulates,
respiratory protection may be required when placing some of these
materials, such as silica sand, in the borehole annulus.

6.2 A potable water source will be selected on site to use for
decontamination wash water and also for monitor well installation.
This source will be sampled and the results must verify the lack of
contaminants before use. All water used will be from this clean
source.

6.5.3 Note that joints on the riser pipe must be threaded. No glued or
solvent welded joints will be permissible at Air Force Plant 4.

8.6 Monitoring Well Installation, Installation of the Bentonite Seal.
Bentonite seals placed above the water table will be hydrated by adding at
least 10 gallons of potable water to the bentonite pellets. The pellets
will be allowed to hydrate before grouting the remaining annulus.

8.8.2 Specific Procedures for Single Cased Wells.
All conventional monitor wells installed at Air Force Plant 4 will be
single completion monitor wells. Placement of the grout will be done
by injecting the grout through a side discharging tremie pipe, so as to
not disturb the bentonite seal.

8.9.3 Additional Protection.
Some monitor wells installed at Plant 4 may require flush mounts due to
traffic considerations. Monitor wells with above ground installations
will be protected by placing concrete filled steel guard pipes 2 feet
into the ground 3 to 5 feet from the well riser. The pipes will be
painted for high visibility in traffic areas.

9.1 Well Development at Air Force Plant 4 will conducted by using a vented
surge block followed by pumping with either a submersible pump or a hand /
mechanically operated "momentum pump" which operates on the principle of
imparting an upward velocity to groundwater by rapidly raising and
lowering a discharge pipe equipped with a foot valve at its bottom end.
The surging / pumping cycle will continue until the water is free of any
sand, silt, or clay. Development will be considered complete when sand i
not observed in discharge water pumped from the very bottom of the well,
and the turbidity of the water is less than five nephelometric turbidity
units (NTU's). If this criteria cannot be met, development will continue
until three bore volumes have been pumped without a detectable reduction
in turbidity as measured in NTU's.

9.2 All waste water generated during well development at Air Force Plant 4
must be assumed to be contaminated (unless shown to be otherwise) and will
be collected. Waste water will be disposed of in compliance with all
applicabie requirements.
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Figures 2 and 3 -— The word 'extent should be changed to "extend". ote that
a sediment sump is optionaL
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This cnmen orice for t de nd itmiladcu of
otmd wa cnixczing wells in aquiis will pxcnccc (a) data-

and reabie nucon. (b) exoon of represcnve
omdwa quality mpies. and (c) ecicnx and cop1e site
iyogeologicaL :haiño. T gtsidelines sbüshed
ein e affected by ovnmeramL regulations and by site ape-
c otogicaL yogcoicgicaL. ;iirniinLogicai. togrtwnical.
and subsurr caezuisrry condiuona. To me these e*xuviroa-
mental challenges, this gmdanc promotes the d velcpmenx oi a
ctrncoA aydaageoiogic model prior to monitoring well design
and iastullsdon

L Scope
LI This recommended practice cccsidc the selection and

carxanca (Le.. deänthg soil. rcck types, and iydraulic
griencs) of the ges mcnircxang zone an integraL ccmto-
aenc of ncinmring well design and iflari*n. Fence. the de-

velopment of a conc. al yogecLogic model for the inxenrfed
macaltering zous) is recommended prior to the design and in-

l12rirfl of a rncnixcnng well.
12 These gnidelines e based on recognized methods by

whiclt monitoring wells may be designed and installed for the

purpose of detecting the presenceor alsenc of a contrninnc.
and collecting reuresectathe groend waxer quality data. The de-
sign standards and installation procedmes herein axe anplicable
to both detecon and ansesstnect monitoring programs for rxili-

ties.

1.3 The recommended monitoring well design. presented
n these guideLines. S based on the assumption that the objecve
of the orogram is to obtain rresencanve grouad waxer informa-
don and waxer quality xmLes from quiters. Monitoring wells
consnucted following this recommended practice should pro-

duce relatively umuldicy-free samplesfor granular aquifer mate-
riaLs ranging from gravels to silty sand and suciendy permes-
ble consolidated and fracuned saza. Saam having grain sizes
smaller than the recommended design for the miallest diameter
t9lcer oack materiaLs should be monitored by alternative monitor-
ing well dgns which are ioc addressed in this recommended
pracce.
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Appiible Documents
2.1 Pnrr1r1nrtrd Cqçl frrh rf:
Casing Ath-ancernent Drilling Metnod.s La C-eoerwirortmercai

She Characterizaticn and the tastalla don of Subswace Waxer
Quality Monixmg Devices

Dect A ?.ccaxy Drilling in Cecenviocmeami Site Chara-
____ and installation of SubsuriaceWaxer Quality Monitor-
lug Devices

iTcllow-Steni Augs for Gecenvironmental Site Caracreri-
ranon and the tnstailaxicn of Suurface Water Quality Monitor-
lag Devices

Düectccasy Drilling with Waxer-Based Drilling Fluid for

CenvironmenmL Site Characterization and installation of Sub-
WaxerQuality Monitoring Device

22 ASTM Stondards

CISC Standard Spccicaticn for ?crtlaxtd Cement
C 4Dcpuve Nomenclamre of Consuwenr.s of Nanirni

neral Aggres
D1452 Practice for Soil Investigation and Samoting by Au-

ger3orings
D1586 Method for ?eneaaxion Test and Split-Barrel Sarn

pling of Soils

D1587 ?ractice for Thin-Walled Thbe Samplingof Soils
D2113 ?ractice for Diamond Core Drilling for Site irwesmi-

D24.87 Test Method for Cassifrcazion of Soils for Etgineer-
lag ?twooses

D2488 Practice (or Description and Identification of Soils
(Visual-Manual ?rocesm)

D 32.82 ?racnce for Classiücation of Soils and Soil Aggre-
gate Mlxanes for Highway Consnuction ?urvoses

3. Significance and Use
3.1 An adequately designed and installed ground waxer moni-

toring well system for aquecusohase liauids provides essennal
information for decisions pertaining to one or more of the fat-
awing subjecr

3.1.1 Aquifer and aqincard properties. both geologic and ity-
draulic

3.1.2 Pocendomethc satface of a particular tiydrotogic unit

3.1.3 Waxerquality with respect to various indicator parome-

3.1.4 MIgration characteristics of a contaminant release:
3.1.5 Additional installations and/or decommissioning at' La-

stailations no longer needed..



4. De1nitkos
.1 Annular S. Annnlus — berwei wo can-
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wail. This uld include cisc rc(s) betweert mukiule strings
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2 .Aauif - A gealog3c manon. ou of formañons, or

- p&t oi a forinauca that is azd. and. is ab of aviding
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4.3 Aqthd — A ithologic tmii haz iazpcd od wa
ruovet and does tc yield w freely cc wells or sthgs but
that may 2nIrmr appteciablc waz cc or from ndjt aquifers.
Where sucicndy thick. may — at a gromd wtes ag
zone. Synocymans with coafinrng mit.

4.4 nerit Mar1irnrin — An invgative inocinxing
proam that is icazd aft the prese of a ootmrnnc in
oimd wa has b derted.. The objuve of this proam
is determine cho couceonnoca at co__menzs that have con-
taminated the gromd wa and to quanify raze and extent of
raigranon of these (Lf1IT'i1.

4.5 STMCme t. - Portland nng the
requiremca of ASTM C 150 Sp ccs for Port-
laud Cez). Cmc types have slightly cñffert formuladans
that eait in vatious cisaiszics which adess different coo-
snuon contñalocs and different physicaL and chnil envntoa-
mnen. They e as foLlows

4.5.1 A.TIMTvne (Port'and) A enera1-puzposc con-
cment with no special xopcroes.

4.5.2 ASTM Tvne IT (Portland) - A ccrnncoa cetnent that
is rucderaxely r'sistt 1frs and ;ear a cwer lt of
hythahon at a slower raze than A.TM Type t.

4.5.3 A.STM T (Portland tigli fv ctregth) — A
consuncuon canc that a high emiy snength. This c.
IflCtU reduces the ntrtog cmse required when used in cold czwt-
ronmerus. and utvdnce.s a higher heat of hydration than ASTM
Type I.

4.5.4 ASTM Tvue tY rtlin4) - A coasn•uotxon cem
that uroduces a tow hear of hydration (lower than A..TM Types I
and II) and develops ength at a slower rate.

4.5.5 ASTh{ Tvoe V (Portland) — A cocsucon canenc
that is a high sulfate resistant formulation. LTsed when there in
severe sulfate acnon from ils and ground water.- AhoLlow nabular recp1c used cc facilitate

4.7 ailanz -b1axeriala used to provide stability to a buoyant
object (such as ng within a borehole filled with waxer).

4.3 enmnice Cay — An altered deposit of volcanic ash usu-
ally consisting of sodium moounuiilonize clay.

&9 3Iow-tn - The inflow of ground water and aronsoidaz.
ed material into a borehole or ng esus'd by differentiaL Iny-
draulic heads that is, caused by the presence of a grca
drauLlc heed ocoide of a borebolcsing than inside.

4.10 3orehofe — A ciiculai an atuased subsuthce hole
estedbythlling.

4..11 3orehole Log —The record of grologic units pencuat-
ed. drilling progress. depth. water level. sample recovery. VOL
times and cyçcs of materials used, and other significant facts re-
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garding the drilling of an ex kxatczy bcre.ioor welL

4.12 3re - An oktrocn within the annulus which my
prevent c±rcalatiou or prover empLacement of annuLar marerta?

.4.13 Cain - Pipe, finished in sections with either thre
ccsnrctzons or bevelled edges cc be field welded. wnich
lled temoorarily or pcrnsancndy to co'anternot caving. cc
vance the thole. w4lor cc isolate the :ovc being monitored.

4.14 Casin ?otec±e — A secucu of tar-ger diameter itc
is emplaced over the upper end of a. ler diameter maul-

well riser or casing cc provide nal protecmzcrn cc
wail and resrri mmazixhized ac into the welL

4.15 Ciriiw Surface — PIpe used to stabilize a borehole mncn
the fxe tharing the drilling of a borenole that may bC teft in
place or removed onon drilling is completed.

4.16 Catng Sbooihthg — The inflow of mancotisolidated ma-
terial into a eboLe wnicis occtuz the borericic wails osc
char cohesive stench.

4.17 Cernen Portland Cement — Commonly known as ?rt-
land cement. A mixe that consists of caicarecus. argillaceous.

other 1jnmir., and zroo.oxide-beaiing materials that
is cuanued and fmulated to protince various types whicn
ate defined in ASTM C 150. Portland cement is also considered
a hydraulic cement beesaise it must be ruaed with water cc form
a cent-waxer paste that has the ability to harden and develop
stength even if ced un water (see ASTh( Cement Types).

4.18 Cermn-alizer — A <levioc chat aits in the centering of a
or riser within a bcnnolc or another casing.

4.19 Circulation - Applies to the thaid rotary drilling meth-
od drilling Ilitid movement from the mud pit. theougit the puma.
hose and swivel, drill pipe, annular space in the hole and rennn-
ing to the mud pit.

.20 Conthicnce (Sueci — A mncasure of the abiL
the water to conduct an electric ;inreat at T7 F (2.5C). tc is re-
lated to the toed concentration of ionizable solids in the waxer. ic
is inversely prvporuonal to electrical resistance.

.421 Ccnfinm Unit - A 'term that is synonymous with
'aquiclude.' 'aquizard.,' and .aquifiige': defined as a body of rel-
atively low permeable material suatigraphicaily adjscent to one
or more aquifers.

4. Conornimnant — An undesirable ubstanc: riot normally
present or an unusuaily high concenuarion of a naturally x:ur-
ring substance in water or soiL

4. Detion Monimoriof — A program of monitoring for
the express purpose of deterriusun uhcthcr or riot there has ocen
a contaminant release to ground wa.

4.24 Drill Ctithns —Fraients or cles of soil or rocc.
with or without free waxer. eszed by the drilling proCess.

4.25 Dri1lin ui4 - A Iliad (liquid or gas) that may be used
in drilling operations cc remove cungs from the borehole. cc
clean and cool the drill bit, and to maintain the integrity of the
borehole dcaing drilling.

4.26 dÜ -The diameter of a soil particle (usually in mill-
meters) at which 10% by weight of the particles of a pamcuiar
sample am finer. Synonymous the effective size or effec.
dye grain size.

4.2.7 a — The diameter of a soil particle (usually in mniili-
meters) at which 60% by weight of the particles of a pamc" -
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iuple e ner.

4.23 Flow ?th - pre the ar between two flow lines
along wa round waxet ca.n flow.

4.29 Fiu.h Joint !Camied - Casing orri. with ets
tleed that a. cocsz.etiL insdc and tsile diameter is
tnathtained the tled joants coavlingL

&o Crael — Co=c encianne f the oreietred.
tu1inoloV'. pomary&of a well (sen pr' tiiterp3).

4.31. Grmd Wa — of bsne w that is 'n
the uted zue.

4.32 - A Tow peresbiiity aaetiaL plxedin the an-
nnl betwees the well casing riser pipe and bthoc wall
(Le., in a single i tncciarirmg well), between the ri. and
casng (i.e., in a cnuiñ-cad trnuing well), to mintin
alignment of the ng and riser and to xevent movement of

Surface wa wthan the arnnl
4.33 Grout 5.hr — A 'plug' brized at relatively inert

materials that is posrncoeti within the Towermo section ala
permanent ng and flzed. with a pagcway, often with a
flow c device, through wtch oct is injected imder es-

to till the araulat c Aft the baa set, the grout
shoe is usily dril out.

4.34 H± (Se' — The height above a sndard da of
the ac ala tn of wa (or other liquid) that can be xp-
pcxmdbythesradcpemLrea&agivenpoinL. tbis•
the s of the eicvanou bend the pce

4.35 fTa1) — The im at theen oumpocs at a
poinc (1) elevadna bend. is eqtai to e eicvazioa at
the point above a damTn (2) head. lip. wtiich is the
height at a coln of stic waz that can be pçcrted by the
static aree at the poinc and (3) velocity head. liv, which is
the height the netic ey of the liquid is capable of lifting the
liquid.

£.36 Hychnnlic Ccnducth'ft.y — The vvlumc of waxer at the
existing t4rmatii viscosity and demity that will move in anit
time tinder mit gradient through a unit ares measured at right an-
gles to the direction of flow.

4.37 Hvcfralo2c C'nit - CeoLoc sua that can be distin-
guisbcd on the hesis of caçscity to yield and traaniz fluids. Aq-
uiiers and ccnfininc nnts are types of liythoLoc mics. Boun-
daries at a tiydrOLOC unit may riot necesaxl1y c.anespond either
laterally or vertically to lithosrraziçaphic formations.

i8 Jethug — Whcu applied as a drilling method, water is
forced down tknough the drill zvd or casing and out ttzougti the
end apere. The jetting "axer then timisporur the genetuzd
CUtWIgS to the grottod surface in the annulus of the doll rods or
castng atid the borehole. The term jcaing may also refer to a de-
veioumenc technique (senwell ena jeuing).

4.39 Lois of rotr1athp - The teas of drilling fluid into
to the tent ttt circiziatica does riot rn to the surface.

3.30 Mud Pit - tJsuaily a shallow. recomgniar. open. porn-
ble mncrnner with baffles imo which drilling fluid and cunuigs
are discharged from a borehole and that serves as a reservoir and
sealing ik during recirculation of the drilling fluids. Under
some circi stances, an excavated pit with a lining material may
be used.
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&41 Multi-Cased Well - A well imimcted by using suc.
ccvely nailer diameter casings with depth.

&3.2. A rnixuue of Portland c.it (AST
ISO) and water.

4.43 Cbvuticn Well — Typically. a. small diameter w
med to aiea.e changes in hydraulic iearls. unmily in esocri.
toaypunngwelL

4.44 Oil Air 1ser — A or series of fliers placed is the
flow lh from an air to redire the oil content

the.
4.45 Cii T —Adevice used to remove oil from the corfl-

esscd sir discharged from an air mmvressor.
4.4 ?er - A teansient or dedatesI device Diaced in

well that iltes or seals a portion of the well, well annuius.
borehole at a. sveeific level.

4.47 tentiomeuic Suthce — An irnnry surface tenD
searing the dc of ground water. The water table is a pa
cicular poccaciomemo surface. 4OTE Where the head vur
with depth in the aqtñfex. a poeaoomezric sutfac is irieazüngf
only if it deibes the nc bead along a particular specifi

or suamm in that aquifer. More than one ooceadorneu
is required to des the disuticn of head in this

4.4 Primary Flter ?uck —A clean silica sand or sand ii
gravel miae of seLected grain si and gradation that is in-
Lled in the annular rp between the borehole
well a. extending an appropriate distance above the scree
for the pmpmse at retaining and stabilizing the particles from!.
adjacent . The remain used in place of 'gravel p

4.49 ! Tane — Icint sealing tape cacnpcsed of polyteu
flucroethylerie.4.50 3 - The proc extending from the well scresti to or
above the ground surface.

4.51 Secondary lter Pack - A clean, uniformly ad
id that is placed in the annulus between time cirirnaxy 1ter u
and the over-lying seal, or between time seal and overlying ut
betkñll or both, to prevent movement of seal, or grout. r
into the primary filter pack.

4.52 Sediment Suri - A blank extension beneath the WeLL
scieen used to collect fine-grained u.arerial from the filter pac
and adjacent snam. The term is synonymous with rat aup or
pipe.

4.53 Shear Snugt — A measure of the shear or gel proper-
ries of idrilling tluid. or grout also. the maximum resssranc a'
soil orrock to shearing messes.

4.54 Single-Cased Wail - A monitoring well constiucted
with a. riser but 'without an exterior casing.

4.55 Sne Water Level —The elevation of the too of a. c
turin of 'waxer in a. monitoring well or piezcmcler that is act
flrienced by ptnnping or conditions relamd to well instaUadon.
hydrologic ng. or nearby pumpage.

.56 Tamu - A heavy ylincfricai mneta.L section of aibi
that Li operated on a we cone or cable. Er alms over the riser
and firs inside the casing or borehole annulus. £ is ge:terciulv
used to carno annular sealants or filter pack materials into p&
and prevent bridging.



4.57 Te Mtnimrnf Zne — Tbe grcind wat r1ow path
from athcix or ]it into which rncininrthg wells
will be 3ced. The t nocizorrngzone thould be a sea-

(sum) in which there is a reaionablc pecarion that a v-
ciily plxnd well will izitctmigranng rnini

4.58 T ?'it - A shallow vrxm cna& to
tbe

4.59 TruitnLtIvitv -.Tbe which wat of he
-aaling thrivi.osrty in iud ocgh a unit width of
che aqthf und a tmit hyrflnlic NOTE: It in eq.L to

integrazioa of the hythlic co ixthities the uaxed
t of the 1er p'erpezilculx to the flow paths.

4.60 Trie ?ne -A pipe or tobe that in ud cc trcxt
aiaia jj ainnJ nr

gromd sce cc the brrchoLc annulus or betwe casings and
or risc pipe of a noaizrxrng well.

4.61 Uriifmkv Ccefent — Thee rano of the 60% can-
d-) gain se to 10% (d-10) grain ze of a .sampc

of unul uiareriai (ref cø ASTM SiinrIrd T Method D

4.62 Unifmlv Cr1ed — A q IrTve decn of
particle u sibtai at a. d which coaus of the ajonty
of ticl bang of me oximaw dm• A IBU1ar

is cocsidaed iforrn1y aded when the formicy ca-j 5 (r to A.TtM Slazti Teat
Merhed D 2487). Analogons with the ecglc m wea

453 Ve Ca -A with a small hele that is in.alIed
on cop of the

4.64 Wahejni N!e A a
valve utilized at the d of a smn of caiang thenegti which wa.
t can be injecL to dlsp1c drilling thtids and cuumgs from
the aLtLUIL se of a etxle.4.55 WCnt io -The amount of mixing wa in
ni1oos used ofcement.

4.66 W Tab'e - The pound wa suthc in an uxca-
fined aqwfer at which the ste in equal to that of the aan-
phere: the nn between the zone oi uaratuxi and the zone of
rarion.

4.67 Wee o1e — A naLl diamez hole (uaaIly 114 in.)
drilled into the pvceczive asing the gicand szuce chat
serves as a drain hole for wa that may en the proectrve ca.s-
ingannuhth.

-

.68 Well Comn(erinn Dia2razn — A record that illusantes
the details of a well nsIl2r€on.

4.59 Well Screen —A fl1xcing device used to retain the psi-
mary or nannal pk usually a cyiicthical pipe with coen-
ings of a uniform width. orientauca. and spacing.

4.70 Well Sceen rethnf (Hv&nulic rth) — Whenjehing
in used :br develonent. a. jerung cool with nnI, and a high
prmse pump used to tce wa outwardly through the
n. the filter pact. and sometimes into the ndjer2L eoloçc

4.7j Zne of Sannnticn —A droloçc zone in which all the
inLersuce$ between particles of logic material or 311 Of the
joints. &nes, or solution channeLi in a consolidated rock unit
are tilled with water under pressure ear than chat of the at-
nospheze.
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5.1 Ceral - Soil inechani, o4norohologic3l conce.

angrhy, and sedimentary concepts. 3.1 weil a.s the riac
behavior of the solutes of intere. rnuat be ccrnbined
aaowledge of vand water movement to make a complete acyu-
natitan of the esu1 of the mocurzrmg well dch and insr.aila-

gtIrme. Texore. de eloomect of a, conceptual iydroge.
ogic .43 pomanal flow pathe 3fld the gez
rwirrvngs) is rixnmended prior to momrormn ei1 de-

and in1rii. Development of the conceputal model is
xcocuplished in two phases-an initial reczaonissanoe arid a
field invgaona. When the hythogeoIo' at a prajec axes is
relatively ancnmplicazed and well domimenced in the Lirezawre.

initial rncfT1flit may SIXCiCZ1C tflZrflatlCfl to

rify flow paths and the et monitoring zone(s). owever.
wre linle backound darn is available or the eotogy is corn-

a. field investigation will eraeraily be riecry to corn-
plerely develop a coocepcuak hydrogeologic modeL

5.2. tnil inaii,ce of Proi: Area — The goal of the
initial reaxuaL of the projt ax is to identify and locate
those zones with the eazat potential cc ____ a fluid from

proynct es. Identifying these flow paths in the firit step in
se1ncng the get orxnd water monitoring zone(s).

5.2.1 ranne — !very eflczr should be made to
cdil and review all applicable field and laboratory darn from
previous investigations of the projent axes. Darn such as. out ncr
limited to, topographic maps. ial imagery, site ownership and
iliñon records. geologic and tiydrogeotoçc ma and e•
psrts. mineraL resoutce veys. waxer well logs, personal in-

om local well drillers, açicuiuzal soil reotxts, g
riical engineering reports. and other enginenring maps
repor to the projent r should be reviewed.

5.2.2 ed nnknc — Zarly in the invesugation. the
soil and rrxs in open nt areas in the vicinity of the project
•sild be studlet and various soil and rock monies acted. Sac-
cial consideration should be given no soil color and textural
changes, landslides. seeps, and springs within or near the proec:
axes.

5.23 ?e!imininv Coricnial Model - The disufoudon of
the predominant soil and rock units Lely to be found during
subezaxfac exploration may be hypothesized at this tune in a pm-
limixiary hythogLoçc conceptual model using darn obtained in
the ixeranne search and fleld reconnaissance. In areas wner the
geology in relatively uniform, well documented in the Uteranire.
and brandby the field reconnaissance, further refInement

the conceptual model may riot be necessary unless anomalies
axe diseovered in the well drilling stage. -

5.3 !eld 1nvtigarinn — The goal of the fieLd investigation
in to refine the preJimiziaty conceptuaL isycfrogeologic model so
that the razet monitoring zone(s) in selected prior to monitoring
well

5.3.1 !xajomrory 3orin and Term ?us - Ciarterizacon
of the flow paths pnt2Ii4 in the initial reconnaissance in-
volves defining the porosity, hydraulic conducuvity. gradation.
stranigraphy. lithology. arid suucuzre of each hydxologc trilL
The characteristics axe defined by conducting an exptcxr



boring oam which ay inchide tt pi. Exploratay bcx-
ings and te pus skuJd be deep eougn to dcveiop the ratth1
ngining and hiyfrog1oc daxa for decmining the flow
path(s). gez cnitoring zooe. or both.

5.3.1.1 Samphin — Sail and toc vte should x be
prediced whoily acid idrifion or dat rTrI, bct
should be c±ed by Laboratory and acid tees nadc on sam-——
pA. Rç!es1cauve il or ocJ samples. or both. of

tbet is nrw to tbe anaiys and or the izx-
lag system should be obthed 3M evaluated by a geologist.
hyogecloç or gi ain and xpied in soil and
rock aualysit Soil anmvle oa should be cocthx3M so-
cording to Arnican Siccy at Tnng and Methods (ASTM)
Statidatds D 1452.D 1586, or D 15g7, whichcv is anprot ate
given the anc3M cbaaczthstics of the soil samwes. 3nC
sampL should be rrrd xzading to .STM D 2113. Soil
sampt obincd for evalnarion of hycfraniic properties should
be conminai3M and idermofind for sbivmenz to a laboratory.
Speeiai rrt coocinzxiry of the sanplc
or tho nanual oi ar uiIy requ. However. sal
and rock p obiai for eh'ric' ( thni1 properties
ofn reqtm ecia1 acId prep&aooa and. vation to
vent igtiant alzadon of tbe cmica1 r.irnirj diainç

porranon to a laboratory (s .STM D 4.220-83). sock
samoies for e LTr1on of hythanhiC perties ate aaaily ob.
tamed iang a iiz-inner-be e hreL Evaluarion and log-
gang of the core samples is trsuaily tnic in cbe acid before the

is teved from half at the rphit ner be e bareL
5.3.12 3n2 Lo - Care shonId be ta to prrc and re-
thin molere boring log and sampling rord for exhi pIcra-
tory borehole and z pit. Boring logs should include the loon-
cion. ceelmical (i.e.. penetrunon rates or blow cQlnu). and
sampling nfortna&)a for each cnarerial ideiIri4 in the borehole
citkr by sin bol or word description or both. Identification at
ail soils should be xxding to A.TIM Snd Practice D 2483
or D 3232. tdenti&rion of rock iaermaA should. be ba3M on
ASTM De.ripdve Nomenclature C 294 or by an anpropriam ge.
ologic c-cation system.. Observatioc of seepage. free Wa-
r. and water Levels should also be txxed.. The boring logs
should be accccnpani by a epczt that includes a description of
the area lavesngaxed a ap illustrating the vertical and h4xiaon-
raL booanon (with reference to arest National Geodetic Verucaj
Damm CNGVDI and to a standardized survey grid. respectively)
of each eantoratciy borehole or rest pit or both and color pfloco..
graphs of rock cores, soil samples, and expcsed sua labeled
with a dare and. idcnd..ücatioa.

5.32 Ceoohv1 !xoloiarinn — Gec$ysical natveys may
be used to suoplement ebolc and ouop da and to aid in
interpretation between bortholes. Surf g hysical ruethorts
sixi at siii surveys, and e nical-resasuvicy and eo-
maçenc coae surveys can be particuity valuable when
disth dfferenc in the aivpemes of contiguous subsurface
materials are indicated. 3orthole methods sih as. rensuvicy,
gamma. gamm.rnm2 nennon. and caliper logs can be useful
to confirm soecific subsurface geologic conditions. Gamma logs
are particularly useful in ezasuag caned wdU.

5.3.3 Ground Water ow Dirdon -Gcund waz flow di-
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recriczi Li generally d.ezermincd by ruemuring the vticul asic
horizontal hythauuic gradient within S conceptualized fk
th. However, because water will flow along the path of
resistanCe, flow direction may be oblique to the riydraulic ad
eat (buried rem cbanris or glacial valleys, for exatncle).
Flow direction is dm by first irisrailing piezornczrs

exchcxarocy boreholes. The depth and Iccatica of the i
nDme3 will depend tanitared bydraulic conneetions be-
rw coocnpwalizeci claw paths and rbsir rerve !axeral C
rection of flow. Following careful evaluation. it may be ocssfc
to lize xistizig private or public wells to obtain water inv
dam. The constrt uuegrity at inch wells should e verified
to en.ne that the wa levels obcained from the wells ate repr
senrative only of the ro of interest. Following water 1ev
data sormisition. a pocetitiomenic facs man rnould be 7ro-
pared. Tcw paths ate ordinarily determined to be at rignr as

or nearly so. to the ecu potential lines.
5.4 CirnpEetin the Conceonmi Model - A series of hydrt

geologic cr .sectirit, should be developed to refine the con-
cepual modeL This is ompiisbed by first plotting logs of sc
3M r obsetved in the n1oramvy borings or test pits, and a
terprenng between e logs using the geologic and enneeruig
nelathn ships between other soil and oc data obser"ed

initial reconninasance or with geopnysical techniques.
olaøoa at data into adcenr at shouldbe done only whe
geologically miform subxrface conditions at 'cuown to exast.
The nett is to integrate the profile data with the cezomec
data for both vertical and horizontal hydraulic gindicacs. ?
view and oss-secni flow nets may need to be consaiiczd.
Following the analysis of these dam. conclusions can 3Cmade a.

to which flow path(s) is the apvropnaz arget monitoring :cc
Cs).

NOTE 1- Ground watermonitoring is difficult and may tc.z
be a reliable technology in fine-grain. tow bydraulic conduCa'd
ry, primary pcxccy mum because of a) the discropornonare ii
fluence that micros augraptiy hason ground water flow in fine
grain snam b) flow Lines procortionaily higher fcr the vertici
flow coinponencin low hydraulic conductivity suata and c) tI
presence of indigenous metallic and inorganic constituents th.
make water quality data evaluation difficult.

6. Monitorin;Wehl Construction Materials
6.1 C-eneral — The materials that ate used in the consutiction

of a monitoring well and that come in contact with the wct'
sample should nor alter the chemical quality of the samote t
the coostimenta being amined using the aoprocr are samo1ir
protocoLs. Furthermore, the riser. well screen, and annular seal-
ant injecona equipment should be steam or high pressure was
rd(ifpropriare for the selected riser material) immedias
ly prior to well in.vil2r4a or certified clean from the cnanufac-

3M delivered to size in a protective wrappuig. Samples
the cleaning water, filter pack. annular seal. and mixed gro
should be retained to serve as quality conuol until the :ompk.
rIco at at lens one round of ground water quality sarnoling and

62 Water - Water used in the drilling process. to prepa
grout mixcure and to decontaminate the well screen. riser, and
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Table 1. R mmended (Acbicvable) Filter Pack Caracisücs forCommon Screen Slot Sizes.

3.a10) 10 0.4-3.5 0.5-0.6 1.-L.6 3.5

annnl alani nn uvet. &bouid be obcaincd from a
sow of 'wi cniry that d toc nmiti
that ciild c niie the nzeity oi the el1 Trin.

6.3 ?irnv !1ter ?
6.3.1 MxisIs - The pthny 1t peck (raveL peck) coo-

of a ranuia iiaiaL at own cn?iuy aM seld
in xze aDd dfia? that is t"-fl i Ci za1us bctwn
the sciet and the bthoLe wall. The peck z indly se-
te3O% (d-3O)nthaLiaabocz4.1o 10

a

than :-oi (d-30) ze of the yo-
og it bng. 1teret4see 1). usually. the a1t e.
c2d o l*vc a tow (L.. I than 2J) mLformicy ccecenc

mn and of the tl 'e sed co tabLliz
the yoiog t aijecenc 10 the n aad pamit only th

soil yarns 10 en se duzing dcvelopuinic. Thus.
31 dcveicpmenL. a. cui1y tltezd rnoniuxthg well is eIa-
uyely bid-free.

NOTE 2 - When installing a incning well in :

— -. -

I

1.

Fig. 1 axampLe Gcding CixveFor Design OfMonitoring Well Sceess

-. 5 Eff O% ? c*

SaOp S 4A (D-1O) S(D-30) 1ó.(Oy._
3.IS ) S iCC 0.14- 0.17 0.17- 0.1 1.3 -2.3

0.50 0.7 -03 1.3 -12 12 14 1.1- 1.6 3.6
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bighly be&vc the xxehoLc nfignzn of vcid
sp withiu the forma rocading the borbo is often
jnknown. Tiatfore, is I2ric Q1 1zp beccciei
dicuit and may nor be pcsble.

6.32 rani -The dix abo4lld be tmiforrnly rnd-
and coinpri of bd dmbie siiisous pcles wasbed and

zd with a ncle size di.snibusion d±ved by tnuintying
the d-30 se of the. -çained amm by a. or
berw and 10. Use a nnb wecn fo az sx an
multiplier if the is tnc and imifc use a tt be-
cwn six and ten wie the isi bas bighly rnmiform a-
datiou and si1X-SI zrt&c& The grain-sue albu
tca of the zilterr is thai plocred. nszn the d-30 size an
conol pont on the apQ. The ae4 should iave
a uniformity cciait of xpçxoximarely 2.5 or

NOTE 3— 3ecanse the weLl - slots bave uniform cçen-
ings, the pk should be composed of particles that e an
uniform is as is prxticaL tdily, uniformity coef&sent
( qxioentc the 60% pg, D-60 nac vided by the 10%
passinç D-10 se (effve e) of tilter sld be
LU (i.e.. the D-60 pcent and D-1O pet men should be
idcncrcnl). Howevu a more xtical sod coe.dy schcva-
bIn uniformity co'fcicrir for all ranges of lt pact sizes is 2.5.
This value or 2.5 should resaiz. a nnt v.lue noi aniL

NOTE 4— Although nor rommended as sndard. prcice,
often a. project reqmies drilling and iiling the well is one
pnase of wvr. Therore, the älk moat be or-
dered and delivered. to the drill site before soil mpLes can be
cUected. in these cases, the suggesrect 'well - slot size and
tilter —materiaLs e esenred in TabIn 1.

6.4 WellScr
6.4.1 {atL - The well acteen should be new, mhine.

slotted or continuous wraupc*i wire-wound and co4nvosed of ma-
terinis moat sttired for the monitoring vironmait and site cnar-
cterizanoa ndings. The screu should be plugged as the boc-
torn. The plug should be of the anme material as the well
This assembly aiuas have the capability to withstand installation
and development meen without becoming dislodged or dam-
aged. The Inngth of the slotted ea should re the interval to
be monitored.. Immediately pncr to htsriIl2rnn. the well reen
should be steam or cugli presne water cleaned. (if anproxiare
for the selected well seen materials) with water tom a source
of known ctniy if nec cer'tified. by the rnn'Ftuxer, dcliv-
red. and maintained clean at the site.

NOTE 5 — Well. seeas moat commonly composed of
?VC, rin! steel. baglass, or thVpOIymeC rnr4L

6.42 Diameter - The rnininium aooxizA inri diame
of the well shouldbe thoi on the appd—
caczoo. However in moat uants. a iiinirnom of 2. in. (50
mm) is needed to allow (or the inatduction sod withdrawal of
sampling devices.

6.4.3 Slot Size — The slot size of the well sereen should be
determined relative to the grain size analysis of the suamm inter-
val to be monitored and the gradation of the filter pact material.

All 1—1D

In grannir noi.oneatve mata that will fall in easily around the
een. filter packs are rto necessary. in these cases of rt.aairnl
development, the slot size of the well sceen is to be determined
using the grain size of the materials in the surrounding
The slot size and arrangeas should retain at 90% and
preferably 99% of the filter .k. The method for determining
the gnxlancc of filter tuck material is desctibed in Sec.
dou6i.2.6J

6.5.1 MareriaLs -The ri should be new and coracosed at'
materials that Will no slier the uaiity or water samples for the
______ ofcooc and chat ate appmpnaxe for the monitor-
ing aivirnemeac. The riser shculd have adequate wall thickness
sod coupling strength to 'withstand insrailaticn and development
es.ses. Eacti n of riser should e tram or iigh pressure
water cietuied (if scopriaic for the selected. material) using wa-

a. source of wn ciicnai.stry immediately pnor CO in-

NOTE 6- Risers ate generally cocicted of ?VC, stainless
meL. fiberglass, or flwopolymer materials.

6.5.2. Diameter - The rninim criinaj jitaj diameter
of the ri should be chosen based on the ucular cation.
lnwever, in moat ines, a minimum oiZ in. (0 torn) is

needed to xcommcdasc sampling dcvces.
6.53 feints (Coup1in — eadth ,ointt are recommend-

ed. Glued, or soLvent welded. joinc3 of any type are recant-
mended. since glues and solvents may alter the chemisuy of thr
water samples. In moat cases, threaded joints should oe
mped to prevent Ige of water into the riser. Alternatively, O
rings composed of rnaials that wooid riot im act the ware
sample (or the constituents of corerrr may be selected for us
on flush joint threads.

6.6 Casing — Where coudidons watranc. the use or' oerma
nern. casing insIIed to prevent communication between water
beating zones is encouraged. The following .subsections address
both temporary and permanent casings.

6.6.1 Materials - The rnaLeriai type and minimum wai
thickness of the casing should be adequate to wicnsrand the (crc
es of installation. All casing that is to remain as a. permanent
cart of the installation (i.e., rnulti.cased wells) should c new
and cleaned to be &ee of interior and exterior procecve coat
ings.

NOTE 7- The exterior casing (temporary or permanent mu!-
d-cased) is generally cornoosed of steeL although other apprcori
are materials may be used.

6.6.2 Diameter — Several different casing sizes may be re.
quired dcuending on the subsurface geologic conditions peneu'ar
ed. The diameter of the casing (or filter packed welLs snould S
selected so that a rnirnm annnl space of 2 in. (50 mm) is
rTt2inmed between the inside diameter of the casing and owside
diameter' of the riser. In addiaou. the diameter of the casings
multi-cased wells should be selected so that a mninixnum annuls
se of 2 in. is mnsinnlned between the casing and the borenole
(Le., a,2 in. diameter aereen will recuire first setting a 6 in. (U'
aim) diameter casing in a 10 in. (254 trim) diameter boring).

NOTE 3 - Under difficult drilling conditions (ccL1apsin
soiLs, rock or cobbles), it may be necessary to advance temporary
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ng, these cizic a. ai ninuL may betuain

6.6.3 Iü (CU:n — The tflds of each ng secoe
shoiid be eith 1uth-ed bevelled for welding.

6.7 Protthe Cain
6.7.1. Mare-aL! — ?rve may be made of aiunai-

tiarn. cei. 5T2ntt c mto. cx arcaL p1a. The
proecive ctthg tid Save a lid ble cx bang locked shut
by a dcve.

6.72 Diame - de xn xis of the xive
ng SboOId boa rnnimnm of in. (O mm) and preiably 4
in. (lot turn) inu than. the rxicñnal din of rs to fa-
ilir2re the insaflani and pmazice of mmnlin eqpmcur.

6.8 Annilr S1an - The tuaziais tct to L the
lut may be as a sincy cx cased im-mixed in a y pellet.
granular. cx cSip fcxm. 12nLI shoold be scrnd to be corn-
pante with unbiem Loçc, hyo ocic. and climati coa-
didons and any man-indixed dixictn c&ed o dur-ineo(tbewlL

6.8.1 3entr'thte - 3enzocürn sbocthd be powdmuL ui1,
pellc. cx duipped. moo iflonirn trm-Id in
cx bxken om a maL —- 3M free of imia
whh xiv,ely mt the. qmli&y in the weLl. ?eilern

of ougniy bicai cx disk shaped mic of comessed
bcncothzc powd pn ate inegujy thave& and

granuix 'mi of bemonire free of didv. The diame.
cx pelie cx chk xlec (cx mcxing well conco

should be lem then one-tth the width of the azmaia spe into
wh they am placed to ruizace potical (cx 4dging. Gcan-
dies cozanat of cc perucici of u1ed bentotute typifly
m11r than 02 in. (!0 nm).

6.32 Cemeuj - Each type of cxnent baa ligifly diera
cbatied that may be appropriaan tinder vwis physica.L
and chemicaL ciciocs. Cement should be one of the ve Fort-
land cement types that am speci&d in ASTM C LO. The use of
quicc.setung cemen cauainthg aUtives is DCC recommended
for use in monitoring well l12tij Additives may l.h
from the cement and influence the chemisny of the water sam-
ples.

6.3.3 — The groot hU that is placed above the
bentorüte aaaul seal and secoedaty 1ters (see Fig. 1) is ordi-
riatily a liquid shxry ciring of either a buuxxiirc (powder
andlor granules) base and water. cx a ?ortland cement base and
w* Often. bentcrntc-based grcuzs are used when it is deed
that the grout retnarn flexible (i.e.. to accommodate freeze-thaw)
thiceg the life of the inslladoo. Cement or bentonit.bssed
grunts am often used when the in of ciacks in the sur-
rumding eeLogic maiai. adherence to rock tmiLi cx a rIg4
sernng is dmired.

6.8.3.1 MLgg —The mixing (and pLacg) of a groat back-
11 sboc be performed with precisely ro weights and
volumes of marerinis. and accoliag to procutntes shpuiazed by
the m2InIMtnr that oc include the order ofcomponent nix-
ing. The grout should be thoroughLy mixed with a paddle type
nhanicaj mixer or by recmtzlahng the mix through a pomp
undi all lumpi are disimegaxd Lumpy grout should not be
cased in the consuucoa of a. monitoring well to prevent bridghig
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within the
NOTE 9 — s do not include lost circulation materuls

that may be added to the grout 1.1 excessive grout losses oceor.
6.3.3.2 ice1 3entiite Base Grout - When a ben'

base grout is used. bewocire. usually unalicted. be the.
additive placed in the wa througn a. vennth device. A cypIc3l
unbenthciated betitcuixc base grout consists of about I lb to L2S
lb (0Z7 kg) of unaltered benzonire to eacn I. l (13 L) of wuter.
Af the bemonire is mixed 3M allowed to ICId. up to 2 lb

(03 kg) of Type I Portland cement (per gallon of wazCr) is often
to stin the mix. 3entoa±z groom should riot be used in

the vadose moo oi ariA egicas because of their propensity to
desixate This could ri1t in aon-cepcesenuxive waters arTect-
ing the ez mcoiztxrng z

NOIt 10- i1gh adds bencomte gruits (minimum 20% by
weight with wa) and other bentonire-based grouts may contain
granuJ bentonim to incense solids content and other corn-

ans directions to either stiffen or
teard lug of mix. All additives to grunts should be
evaluated for -•eff oo subsequent wa samples.

6.8.3.3 Tical Cnent 3a Grout -When a cement-based
grout is used. nenc is usually the ärsr additive placed in the
waser. A typL cement.baed grout consists at about 6.0 l to
7.0gaL(Lo26L)ofer94tb(43kg)bagcfrypeI
Portland cert. From 0 to 10% (by weight at cement) of unad-
temd tothxe powder is ofu added after the initial mixing cC
cement and water to retard shrinkege and pros-ide piamicry. Th
benzoaixe is added dry to the cement-waxer ltnry without fIrst
mixing it with water'.

6. Secondary 1ter ?
63J. Materials - A secondary tilter nack is a Layer of

rial placed in the annulus between the orimaxy filter pack an.
bcwcnize seal. and between the betironue seal and the grout
h1t (see Figs. 2 aM 3).

6.9.2 Crudadon —The secondary 1ter pack should be uni-
.focmly graded fine sand with a 1)% by weight passing the o.
30 U.S. Sndard sieve, and tem than 2' by weight ssing the
2C0 U.S. Sndazd tie',e.

6.10 Annular 3ea1 atninmenr - The equinment used to in-
ject the annulat seals and filter pack should be steam or Sign
presn.ne water cieaied (if auproorture for the selected material)
using water (toni a sance or known quality prior to case. This
procedme is performed to orevent the inuducdon of rnacer.als
that may ultimately alter the water sample quality.

7. Drilling Methods
7.1. The type of equipment required to cieaze a stable, open.

verucat borehole for of a monitoring well depends
oa the me geology, hythology. and the intended use of the
dam. Eagining and geological judnent is required (or the se-

cx the thliing methods utilized for drilling the plorato-
ry boreholes and crioniuxing wells. Whenever feasible, drilling
procedures should be utilized that do riot re dire the innoduction
of wa or liquid fluids into the borehole, and that opuniize
cuaings connol at ground surface. Where the use of drilling
fluid is cauavoidable. the selected fluid should have as Little irn-
pact as possible on the water samples for the consdtuent r



r e &bo@ld be taken to r ta drill-
ing rind pcbc fr r wed and
well veiouniz tt ts rcommee4 thar if an i cam-
rcr is u.d. it is quipp with an oil frltrod trap.

8. Moaitoiing Well Ii*ailatoa
8.1 Sb1e 3erehoe — A lc bcrthole rxin be ccs-
— to anxing tc insaAl tbe rncmrcxrng well n and

riser. Smn be taken to bilize the bebele ar-

tezupcag flmllir if
both. 3zthol thE e ooc aighL
sbcoid be eczd xxx to axremping the lrieos cc-
ed bela

8.2 IbkV ofWell Saeen and Rit
32.1 andlin —The well bo ping, riser. sheu1

be ei ntcified tiean Etaai the rnni-torer seam ig
waeed (if opcaw f the seleczd rnarial)

using waxer n a SCcC oc wn clcmisxry inimeñaxely 1XiX
Co a.sembLy. ?oaoeL should take pfecimooos. to assie r

oil, ocher ccitnmn th ay ti1timiy alter
w mpl do oc any pcxtxm of the well and
ti.s. aembLy. As. coe-pcirii. pin should wr a
clean pair of co zriL (r eqtvalc) gov while ban-
dung the a.smbly.

3.2.2 fre roth (Clin —r*riser cocping should be ped with ?IFE e.
A1veIy, 0-rings of owrt cbnisuy, xced oc the basis
of prevailing enviroumeutal phyL COua. may be
to issme a. gh seaL of flnaii-joüat couolings. Coux,Lings are oi
ten glare4 by lnd bowever. if necesy, sm bigh prea-
sme waxer ded wrenches may be 'gilize'& ?ttecrwxis
should be taken to prevent c(mc to the ctueadad jtantz dining

8.3 Setnn the We1LSeea and Riser Aisemblv —Wben the
well seen and riser assbLy is owexed to the precictmined
leveL and beld into oonca, the a.embLy tnay reqthe ballast to
councerxt the tendency to Iloat in the borehole. 3.aliasung may
be accomplished by conrinixusly Uing the riser with water
from a somc of ctown chiy . preferably, water
was previously removed from the borehole. Ai?rnIively. the
riser may be slowly pushed ictc the fluid in the borehole with
the aidof by rams thethill rig and be n placeaaad.
didcnal sections of riser are ded to the column. Care nu be
taken to secxe the riser assembly so thai pesuwel safety is as-
sured dmmg the inlIajioo The assembly rnu be installed
suaigiit with the apptovrisas cenaiirers to allow Zor the o-
duction andwithdrawal of sampling deves. Dictalty in main-
raising a. saigAL '" may be eacomtered where the
weignt cx the well sn and riser ian.inbLy is ignift-inrIy ti
tban the bx,yanL force of the find the borehole. The ri
should easend above grade and be ce.i tenipxarily to

xeign isis daring cocnpiedon operanoas.
3.4 trtal1ath of the ?timarv FIlter Pk
3.4.1 1olnme of FIlter ? —The volume of tilLer pack e-

ed to ill the annui suace between the well screen and bore-
hole mould be cocnoud. measured, and recorded on the well
cOmpletion diagram during installation. To be effective, the til-
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ter pack should above the frk.x a distance t
J% of the length of the well screen bu noc less t 2 ft (6CC
mm) :see Figs. 2 and 3). Where tbcre is hydraulic connection
between the zoac to be monitoted and the overlying sa. this
coward exrensi should be augezi to prevent scge from
overlying hyOçC ttoL nto the tiuierpack. Seepage from 0th-
er mi may alter the water saxncle.

3.42 enienr of Primary FIlter ?ck — ?ac.nez1c of the
well een is preeded by placing noL then 2% and no more
than 10% of the primy lr ack into the bcctxn of the Dcre
hole imag a. decontaminated. thti r.hr&d. I in. (25 mm) mini-
mr in1 diameter ie pipe. A1ativeiy, the tilLer pact
may be alded cihecxly between the riser pipe and the anger or
xehote or casing and the top of the filter pack located using a.
tamper or a. welghred Une. The well scteeaM riser assembly is
then ened in the borehole using a. ennali.zer :occed not
e than 1.0 ft (300 mm) above the bottom of the well screen
(see FIgs. 2 and 3). The cenalizer should act be located in 2
bentocire seal. The r.mnii1g primaty filter pack is then piaced
in ixemaus as the trunie is raóaally raised. M primary filter
p* mgj is pocireri insa the trernie pipe. waxer from a source
cx 'mown ii'iiry may be i,4iledto helm move the 1ter m.
The tremie pi or a. weighted line inserted through the aenie
pipe be used to mene tap of the primary filter tack as
wctt progresses. If bridging of the prixny filter pact oc.
the bridged material shou4 be broken meclnicaily prior to cc-
ing with the addition of cucre fi1 pack materiaL The dc.
vatioc. volume, and grd1in of primary filter pack is ecorded
on the well completion diagram.

8.&3 WIthdrawal of the Tertioarv CsinrJAc - tf
used, the temporary casing or hollow stern auger is withdrawn.
usually in stipulated inctemeass. Care ancuid be takert to mini
mize lifting the riser with the withdrawal of the ternpctcry cas.
big/angers. To limit borehole calm se. the temporary casing or
hollow stem auger is usually withdrawn until the lower most
point on the temporary casing or hollow stern auger isat least 2
ft (608 rum), but rio more than 5 ft (U rn). above the filter ack
for tmcon.solidaxed maxerials or least 5 ft. but no mcre than :0
ft (3.0 ru), for consolidated materials. In highly unstable forrna.
dais. 'withdrawal intervals may c much less. After ecica mote.
ruent, it should be ascertained thai the primary filter pack has riot
been displaced dining the withdrawal cçerzmrion (i.e... a. weignced
measuring device).

3.5 ?'acemenr of FIrst Secondary FIlter -A secondary milLet
pack may oc inilcd above the orimary filter pack to orevenc
the intrusion of the bemomne xvus seal into the primary flite
pack (see Figs. 2. and 3). To be effective. measured and recorder
volume oi secondary filter material should be added to extend 1.

2ft(3rumto608mm)abovethepnmaryfilteroacr. A
with the primary fil. a secaidaxy filter must riot extend into ii
ovettying hytholoçc nun (seer Section 3.4.1). The well designe.
should evaluate the need for this filter pack by considering he
gradation of the pcunaty filter pack. the hydraulic heads betwee
ldjacent mi. and the potential for grout ininision into the pri
mary filter cack. The secondary filter rnaxermal is xxued inca the
annular mpac through a decontaminated. flush threaded. I it'-
(25 mm) rnirdrnum internal diameter crernie pipe lowered t



vithin 3 (1.0 m) of the pLm& in&-aL Wa n a
so of cwn cisu7 may be to bet move the 5l
pa into i pttp Icca. The trunie pipe wghtnd lineirtu1 through the trn,ie pipe n be used to me the top
ot the soudy 5lt p as wxt ogrs. The einvcu.
vohime and dazico of the xcz,oday 51t is recuei on
the well ccwcLen diagram.

8.6 nl1rnn of the 3entrmire 1 -A bitj jnilcz
131UX37 3C*i fl innnrt' becw the bebohe and
the ri pipe on too of the ecoc4ary ñny 51 (e
Figs. 2 and 3). This a1 ruds the mov of unnt-ed.
ro be±tT1 into the primy seconclz7 5lx To be

effecthe, briyiit j sboai4 ex 5lx
proximatc.Ly3 fttoSft(L0rnn liendingoai

ditioni. The bexitcxme i 31cn4 be liw11ded ung a cremic
pipe iowued to the top of the d 31owly raised as
the tonito pdilcu x the shri7 511 the 1ftnn!c 3cnjon-

pdile may bridge and Sloc the crunic pipe in wells
In these cs. pelicu may be allowed to see-Call toto the bxe-
bele. Ai a bixccixc pci1 L is pouL into trernic pipe
ailoweri to eec-fail into the bcxthole, i tup. weighaed use
maybe pniintopi.feslisi.
iled above the wa level. water om a aae of wn
chemisny would be &d to allow prop rarcn of the anna-
L seal. The remie pipe a weaghted l iwerted throngli
cremic pipe can be used to meaare top of bito seal
as the w progrcs. If a bentocize pellet L is being coo-
ted above the wa level. ap xiaiaLy S gal () L) of wa-

a socc of 'mown cbcmiy n be ponred iwo an-
auins to ene that the pel1es liythaz. Sucieat dme
be allowed for the benannite pellet scat toya the abnzy
annuJ seat to expand pri to growing the remaining amiulus..
The and devadon of the bencosme i material sheuld
be rnea.ed and runrded on the well compdou diagram.
3.7 andr?-A6in.to1ft(152to

3C4 rum) secondary 51t may be pLd above the bencoccice seal
in the mc cnano deacrtbed in Secon Si (see Figs. 2 and 3).
Thissecondary 5lL p will ovids a conäning 1ay ov the
bentonite seat to limit the dcwnwd movement of cement-based
ut bkfili into the bcuconiw L The elevanon,
and gradation of this t.nal secoodaty 51ter pk aboold be clucu-
rncntcd on the well complenon diagram.T

3.3 Gmntht the Armul Sçace
3.3.1 General — Grouwig Ixocedarres vary with the type of

well denign. The following zocndmes will apply to boch single-
and multi-cased monitoring wells. Secuoca 8.32 and 3.3.3 de-
tail those procedznes unique to smgle. sod multi-cased inscafla-
dOOS. respectively.

82.1.1 Vpjume of — The volume and lnon of
used to bfl the rernzining aonnI xpe is recctd on

the well completion di2grm An ample volume ofgrout abould
be premised on to compz for pzed !os The
use of airernare grout materials. nhiding grcma containing
gravel. may be accus.acy to concrot zones of high grout ioss.

8.3.12 tnjecic,n ocettrej -The grout be±U should be
injected under pressum to reduce the chance of leaving voids in
the grout, and to dis Lace any liquids and drill cwnxtgs that may
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e.in in the armulus. Depenting utbe ?2sign, grtuz
tag may be xtcripds ung a pe growing technique
by gravity feed tniough a cremie pipe. With either method, groat
is lucrothed in ooe ccocirnxaus operation until fail suength

pr j the grotmd szzrfxn without evidence of r
cathngr or lltiJd. The grout shou4 stove away front the rtscr c.

at fxe. but cate should be tat ux. to eme a.
gront mwhuxxn th would be zubje to fr heave.

33.1.3 Crour Setting and Ct.in — The ri. andlor casing
sx4 ax be d4 until the grtnt sc and -- for the
t of time roery to event a brea. in the seal between

grout and ri or grout and cng or both The amount of
re will vary with grout content and climatic cndi-

noos and should be docamenced on the well completion dia-
gram.

82.2 Soefie Procedires for Single Cased Wells . Gcouc.
tog should begin at a level directly above the final secondary fil-

p (see Fig. 2). Grout should be injecmd. using a trernie
pipe equipped with a side discharge this dissipates the fluid-
pwn*ng aivr the borehole wail and riser. reding the
pocerzri for in1uaxioa oc grout into the primaxy 51ter pack.
The cremic pipe should be kept full of grout from st to finish
with dixge end of pipe completely sasbuierged asit is
slowly and coutmucosty Lifscd .Aproximaseiy 5 ft to 10 Er(1.5

to 3.3 ru) cremie pipe should emain submerged until grout-
is complem. For deep insrliiritut or wnere the joints or

coupllnp of the seleCted riser cnn wix.hscand the shear or cot-
lapse exerted by a full column of grout as it sets, a staged
growing prdwe may be considered.. if used, the temporary
caszng or hollow m stager should be removed in inerunents
iznmMttIy following each ixement of grout installation 3'
invance of the time when the grout begins to set. If casinc
moval does not commence until grout injection is comote.
that. after the casing is removed, additional grout may be peri-
odically injected into the annular space to maintain a continuous
con of grout up to the ground sanfxe.

32.3 Specic ?rocedures for Mtilti-Cised. W'Is — tf the
outer casing of a multi-cased well cannot be driven to form a
tight scat between the surrounding srmmm (srraza) and the cas-
ing, it should be installed in a predrilled borehole. After the
borehole baa penetrated riot less than 2 ft (608 rum) of the first
targeted confining srranzim. the outer casing is lowered to the bot-
mm of the boring and the annular space is filled with grout.
Gcotthngmay be cnplished using a pressure grouting rueth-

or gravity feed through a cremie pipe. ?ressure groutang will
equim the use of a grout. shoe or packer installed at the end of

the our casing to prevent grout from moving up into the casing.
tfacrunie pipe is used to inject grout taco the annular space. r

sh,iId be uipped with atid diseharge. With each alternative,
grout m be allowed to cure and form a seal between the

casing sod thc grout prior to advancing the hole to the nerthy-
drotogic unit. This piveedanre is repeated as neccs.y to ad-
vance the borehole to the desired, depth. lJxan reaching the final.
urger depth, the ti. and screen is set through the inner casing.
Subsetucnc to the placement of ll filter packs and benconice
seal, the remaining annular space is grouced as descibed in
aon 3.32(see Fig. 3).



NOTE tL— Wben osing ipacer. may b4Iild dir-
ing groci injic 3M f groct ap zdes of the packerand
into the ng.

3.9 Well ?rr,tecn - Well procn rer toc.&aily to
llancts mc at the ground nnface to deter it1xiznd

to the tocnitng well 3M to evenL swfxe wa from
mtering the annzi1u.

8.9.1 ?tocecve C'tz - Tbe txocecve nnig shocid ex-
cdfromwthefre(3ttro5ft(L0mto LSmJbelcw

• the gr deçxaling on bunk corvliriciti) to slightky above
• ff caixug tcç. The ie cang shoQLtbe iiriily pid

before anaL t of the groat t1t The prvrthe cng
should be eaJcd and immobili3M in coe pacM -
oude of the protective ng above —

groatrTh The
camg should be povxkiie4 3M 1lf4 in z posincn ccen-
tzic with the ri (s Figs I 3M2). Suxit usual-
by 6 in. (152 cm) shca4 be mainthned bezw the lid of the
proxectwe castng and the top of the riser to commoth -
plingequlpment. A 114 in. (6.3 mm) dianxer wecp bole thould
be thiflnd in the cawg 6 in. above the grmd e to permit

to tha oat o( the nui e. In onid !im2z this
boLe will also prevt wa eering betwi the well pro
and the well casing. Dry bemcaim pelie gr11nt.
should then be pLaced in the inmil cc below grvtmd level
within the protective casing. C3se M or a gravel or both
is pLd in annu1 s above the thy benañm lle 3M
above the wp bole to prevc enuy of insects. All maials
chosen should be doccnxed on the well cotnplerica diagram.
The monitoring well idirion aber should be cbeiy vis-
ible on the inhde and oatside or the lid of the protective casing.

3.92 Compedon of Surface trxsmllarion - The well trocec•
don insilarioa may be npLeced in one of three ways

3.9.2.1 In axs subject to frost lave. place a soil or benson-
ice/sand Layer adjacedic to the procecve casing sloped to direct
waxer drainage away from the well.

3.922 In reons to frost heave, a.4 in. (101
mm) thk ccrue i sioved to rvidc waxer drainage away
from the well may be placed round the insrallañon. Care must
be taken not to tock the concrete td onto the pxocecve casing
if substdence of the surface may occur in the funire.

3.9.2.3 Where monitoring -nil orocection must be flush with
the ground, an intetnal cap should be txed on top of the riser
within the manhole or vault. This can should be !eak.çroo( so
that if the vault or manhole should fill with water, the waxer will
riot ericer the well casing. Ideally, the manhole cover cap should
aLso be leak.prooi.

83.3 Addiona1 Procec.cn - In where there is a high
prohebilicy of dmging the well (high traffic. heavy eqthpnienc.
poor visibility), it may be necs y to thii the normal pro-
recdon of the nonixing well coagh the c of pose.
signs. . The level oi otecnon should m the damage threat
—by the lcii oc the welL

I). Well Development
9.1. General - Well dcvelovmcnt serves to remove the finer

grained maxerial trcxn the well screen md filter pack that may
othertse interfere with water quality analyses, and to improve
the hydraulic cracrerisce of the filter pack and hydroLoc
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S3 2-
tmit aljacent to well scre. Methods of well develotmen
varj' with the physical characteristics of hydrologic nnics in
which the rnooiting well is reened and with the driilir
method us

92 Deveicpmenr Methods — Methods of development tttc.
often used iriude mecaanicai surging 3M bailing or pumcin
over-pananing. aar Lift pumping, and erring. An imoa'innr fx
in any met&xi is that development work be started slowi
3M dy 3M be iea3M in vigor the well is developed.
Mct methods of well development require the appiicañcn c
____ to disub the & pack. thereby freeing t
fines and allowing them to be drawn into the well. Thu coaxs.
fros le axound and stabilize the scr. The we
devclopnenr method chosen should be locomen3M on the we
comou diagram.

NOTE 1.2- Any time an ir comoressor is used, it shculd be
equipped with an oil air or oil aap xi minimize the inrrt
chctiou ot cii into the screen ma. The presence oi oil
impact the organic cousunient coocentiations of the waxer sazr-

NOTE U - Development procedures for wells completed
fine sand and silt should involve methods that are mmdv
ly gentle so that- the suma material will riot be inccrccrrized into

filter pack. Vigcrot surging for development can rcduc
mixing of the fine ____ and filter pack and produce awbid sac

— from the bl.,r2llarioa. Also, development methods should ho
carefully selected based tropu the potential caxrtinantlr'
present. quality of waste waxer ;erased. and requirements
containerization or treannent of waste waxer.

92.1 Mechanical Sin'zing - In this method, waxer is forced
to flowintoandoucoftheweilsnbyoperahngaplwiger(
surge block) orbailerun anddc've in the riser. A ttrnaorba
er should then be used to remove the dislodged edimenu fot.
lowing surging.

9.2.2 Over ?imning - With this method, the monicorir
well is pumped at a raze considerably higher than it would
during normal oocracon. The finc.grnin materials would be di-
lodged from the filter nack and surrounding swaza influenced
the higher pumping rate. This method is usually conducted
conjunction with mechanical surging.

9.2.3 Air Lift P'imoin - In this method, an air lift oumo
operated by cycling the air pressure on and off for short perio
of time. This operation will rovide a surging action that ''
dislodge fine-grained pazticles. Applying a steady. bow pressure
will remove the fines chat have been drawn into the well bY
surging action. Efforts should bun made to avoid pumping
into the filter pack and adacenc hydrologic unit because he air

• may lodge there and inhibit fuarre sanioling efforts and may al
ambient wa cheznistxy. isrthermore, application oi hi

nr prees should be avoided xi prevent damage to small
axne ?VC risers, screens. and ter packs.

9.2.4 WeLl Tezring — Another method of development
volves jcthng the well screen area wish wa while timulmi
ously m4ift pumon; the well. anwever. the water added dur-
ing this development oceduxe will alter the natural. aznbznr
water quality and may be difficult to remove. Therefore, the "
ter added should be obained from a source of imown chemisti,
Waxer from the monitoring well being developed may also be



spd ini e remced..
9.3 Dtirncn of W1 Develcment — Well developniait

shoild begin aft rnciiuxthg weLl is ccmp1y installed
and prior c wa mp1ing Development abouJ4 be ctthued
tm1 nve wax, ee of the fhth{ç or
oth matiais ixdixd. dining well consui is obin.

w is ined o ba b oneti wben
- - - pH= and spiüc ccvity rdlng3 bilize and

is vij1y c of end lids. The iinimuin
dTnati,O cx well tk,pmeiz sheeld y in cacidanc with the
rned 'd to dcve the weLl. For ample, surging and

well may provide a stable. sedixnaiz free sampLe in
rn ( w wbex, ling the well may require sev

aL bours cnno ext to obin a ci sample. The tha-
OOQ Of well development and pR. mpae, and specic
conductivity rellngs thoald be rd on the weLl completion

9.4 Well cov', T -A well rovuy c should be
pfotmed ?inmediaky at and in conjunction with well devel-
opment The well rovuy zst not only provid m lir'on
Of well pufcrmx bot aL provi&s data tot dmicing
1trTTiviry at the breeued xydroLoc mst. mrs of
ythanlic condvity of the mit can then be dmined.. Read-
mgs should be raki at intvls suggeed in the able below tan-
ol the well ba.i recoved to 90 of i nc wa level.

Table 2. Suted Recnrdin tntvil
f Well Recovv T

tme Since tm T rime rili'aI
0-lSmin

IS-50 ruin
50-100 mm
100 ruin - S

5h-24h

iman.
5 ruin.
10 ruin.
0 mm.
0mm.

53 280ea—ild be stnveyed in refe to the aearz NCVD
refe point.

10.3 Lcixiori Coorinars -The lcrizcnml lcoad cf al
monitoring wells (the or dcmrni.snoacd) zhoWd
veyul by reference to a szandazthZed survey id or by met..
bocnd

11. Mouitorin Well Netwo Report
ILl To danoa that the oals t forth in Sccticn

s'c been rue. a tuonitoring well actwor rct should e re-— This
11.1.1 Locate rho invti.zd in terms pertinent to the

ixoicc This Should include skeh maps or iaL photos oct
wuich the ploray borings. p tzometers. sanmle eas. and
zuxmg wells ze lcca&e& at well as tovoçauhic items rule-
vanc to the dczennümtion of the 'zioos i1 and r zypes. suc.i
as , sueambeds, etc. Where teable. include a eclogic
m and eotogic cts-sous of the being investigated.

11.12 Includecopies of all well boring test pits and explora-
tory borehole logs. iniL and post-compledon wa levelS. a.l1

labcxaxay re'. and all well comptenori diaçaus.
11.L3 lixiude the well Jlra survey.
11.1.4 Deiandretate the 6ndings abm.ined in the irutial

rcmarncc and e14 invesuganon (Son 5) tø the design— i1W21tX1 procedures selected (Socs 7-9) and the sur-
veynd locations (Scn 10).

11.LS This report should include a rommended decant-
procedure that is consistent with the well coestructica

and local reguiay iLcrnems.

NOTE 14— If a monitoring well does noc reco sucicndy
for sampling within a 24 h period and the well has b properly
developed, the insIlri'n should not enerriily be used as a
monitoring well tot dezecring or assessing low level organic con-
sucuencs. The inila&ia may, however, be u for Long-termwa level rnonitcxing if rneasixeanen of sxter frequency wa-
cer level changes are riot required.

10. Illation Suriey
10.1 Ceneral — The ver*aL and hcrizcznaL pondon of ench

monitoring well in the monitoring srem should be surveyed
and subsequently maoped by a LLcerted surveyor. The well loca-
rice rrp should include the location at all monitoring wells in
the sym and th& respecthe ide i&ri numbers, eleva-
ClOGS Ot the top of rxs position to be used as reference point
for water Level men.emen. and the eicvaticGS of the xound
stnfxe protective installations. The locatic and elevadens of
all permanent benchmark(s) and pertinent boundary marker(s)
lcted on-tite or used in the nnvey should also be noted on the
man.

10.2 W Level Measurement Reference —The waxer level
measurement eference point should be permanently matted by
cutting a V-notclt into the top edge of the riser pipe. This refer-
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Recommended Practice for Borehole and Monitoring Well Abandonment

1. Scope

1.1 This procedure is designed for the purpose of proper abandonment of
boreholes, including monitor wells, water wells, soil borings arid other types
of boreholes where a potential may exist for downward migration of surface
waters or contaminants, or intermingling of water-bearing zones which may have
been penetrated during the drilling of the borehole.

1.2 For the purposes of this procedure, abandonment is synonymous
with decommissioning.

1.3 This procedure will be used for well and borehole abandonment work
where Federal, State, or local abandonment regulations or guidelines may not
exist. However, when other abandonment regulations exist for a specific
locality, the more stringent regulations will take precedence. It is the
responsibility of the user to determine the most applicable procedure(s) or
guideline(s) to be used.

1.4 This practice may involve hazardous materials, operations, and
equipment. This standard does not purport to address all of the safety
problems associated with its use. It is the responsibility of the user of
this practice to establish appropriate safety and health practices and
determine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 UNC Geotech Publications

UNC Geotech, Environmental, Safety and Health Procedures
UNC Geotech, Environmental Procedures Catalog, Decontamination

Procedures
UNC Geotech, Utilities Location Procedures

2.2 Other Publications

American Petroleum Institute, Standard Practice Procedures for Testing
Drilling Fluids.

Driscoll,- F.G. , Groundwater and Wells, 2nd edition, .Johnson Division,
St. Paul, MN, 1987.

Hix, G.L., "Decommissioning Monitoring Wells", Ground Water %fonitoririg
Review, Vol 10, No. 2, Spring, 1990, pp. 63-65.

3. Terminology

3.1 Description of Terms Specific to this Procedure

3.1.1 abandonment material -— materials used for the permanent
sealing of a borehole, monitor well, prospect hole, or other similar borings.

All .2—I
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3.1.2 approved materials -— materials that are accepted as being
environmentally safe and will not produce any adverse effects on the
subsurface environment when used as per manufacturer's recommendations.

3.1.3 casing hammer -- a drive-weight assembly consisting of a 300
lbs (136.4 kg) or heavier impact weight which is successively lifted and

dropped to provide the energy for driving casing downward or upward.

3.1.4 casing perforator —— a device to puncture, cut, or penetrate
casing for the purpose of gaining access to the formation.

3.1.5 downhole tools -- this term is usually synonymous with 3.1.6.

3.1.6 drill string —— the assembly of drill pipe, augers, drill rod,
bits or other tools which are powered or driven by the drill rig to perform a
drilling function. This term is usually synonymous with "downhole tools."

3.1.7 grout pipe -- synonymous with 3.1.9.

3.1.8 Marsh Funnel -— funnel specifically designed for measuring
viscosity of fluids pertinent to the drilling industry. The measurement is
expressed in seconds per quart of flow through the funnel.

3.1.9 tremmie pipe -- a pipe inserted into a borehole for the
purpose of placing material at a selected interval and in a manner so as to
prevent voids or cavities. This term is synonymous with the term "grout

pipe".

4. Significance and Use

4.1 This procedure shall be used whenever boreholes or monitoring wells
are to be abandoned, unless Federal, State, or local abandonment procedures
are more stringent. The proper abandonment procedures for boreholes will:

1) Eliminate physical and health hazards
2) Prevent vertical migration of contaminants
3) Prevent spread of contaminants to uncontaminated zones and

aquifers
4) Reduce liability.

4.2 This procedure will be used to ensure that all casing and other
well Qonstruction materials are permanently removed where possible and that
the borehole(s) are sufficiently and permanently sealed to prevent any
possible vertical migration of contaminants.

4.3 In addition, this procedure is designed to ensure that borehole(s)
will be sealed so as to prevent any possible communication between
contaminated zones, aquifers, or other subsurface geological features.

4.4 The project manager, or designee, is responsible for proper
abandonment of boreholes and monitoring wells. It is also their
responsibility to determine whether the wells have been registered with local,
State, or Federal authorities and obtain permission to abandon the wells when
necessary. ny required abandonment documentation will be forwarded to the
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responsible agency(s) within the time constraints defined by the governing

agency(s).

5. 1-lazard Analysis

5.1 This practice involves hazardous operations and equipment inherent to
drill rigs. Hazards include, but are not limited to, those associated with

moving and rotating equipment, and heavy equipment. Occupational hazards
associated with noise, and lifting heavy objects also exist. Site-specific
hazards may exist depending on the type of contaminants present in the
subsurface. Site—specific hazards are addressed in the Health and Safety Plan
for each site and are not discussed further. Personnel following the
procedure outlined here are responsible for becoming familiar, and complying
with, the site—specific Health and Safety Plan, the Drilling Health and Safety
Plan, and other applicable health and safety requirements.

5.2 In order to minimize the hazards associated with this procedure, an
exclusion area will be established around the drill rig that extends 25 feet
in all directions and at least as far as the height of the mast. To he
extent possible, all work will be performed outside this exclusion area and
access will be limited to personnel performing essential tasks. While the
drill string is rotating, Health and Safety personnel, technical personnel,
and the drilling supervisor will have access to the exclusion area only when
necessary to perform their work assignments.

5.3 The health and safety procedures for all personnel will be addressed
in the UNC Health and Safety Plan (HASP) and are not discussed in detail. All
project personnel are responsible for complying with the site-specific Health
and Safety Plan, the Drilling Health and Safety Plan, and any terms of the
subcontract. Personnel must have current training and medical requirements
for fieldwork at the site. . Within the exclusion zone, all personnel must
wear a hard hat, steel—toed boots, safety glasses, and any other personal
protective equipment required for work in the exclusion zone.

6. Procedure(s)

6.1 Obtain the necessary permits and/or approvals to abandon the well.
Contact other organizations that might have plans to monitor the well to he
sure that there are no valid objections to abandonment.

6.2 Collect historical well data that will be useful in planning for
abandonment. This should include borehole diameters and depths, well depth,
casing diameters and depths, screen intervals, casing and screen materials,
maximum groundwater contaminant concentrations, lithologic logs, and
completion diagrams.

6.3 If an existing well or borehole to be abandoned has not been
surveyed, it shall be surveyed prior to abandonment. New boreholes that must
be abandoned will be marked temporarily and surveyed as soon as possible after
abandonment.

6.4 Remove surface covers and/or other unnecessary installation(s) by
dismantling, excavating, or other accepted means.
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6.5 Remove all pumps, recorders, and other downhole apparatus where

possible.

6.6 Remove all steel casing and well screens where possible. Removal may
be accomplished by pulling, cutting, using jacks, or similar methods. Any
casing and screen that cannot be removed by these methods shall be cut off at.
the maximum depth possible and retrieved. Any steel casing remaining in the
borehole which is not cemented in the annular area will be perforated at
minimum twenty foot intervals so as to provide a conduit for abandonment
materials. If conditions warrant, perforation intervals shall be reduced to
assure complete borehole sealing.

6.7. Remove all PVC and other synthetic casing and screens where possible.
Removal may be effected as outlined in 6.6. Any PVC casing, screen, or other
drillable materials that cannot be removed by methods as outlined in 6.6 shall
be removed by drilling out the remaining material by rotary or auger drilling
methods. Bit diameter shall be equivalent in size to the original borehole
diameter and the borehole will be drilled to the original depth.

6.8 Materials and Methods for Filling the Borehole

6.8.1 The borehole shall be filled from total depth to within five
feet of the surface with an approved abandonment material, e.g., neat cement
grout, bentonite slurry, concrete or other approved abandonment material. In
all cases, a tremmie (or grout) pipe will be used to place the abandonment
fluid/material down the borehole. Drill pipe, drill rod, or other conductive
materials may be used as the tremmie pipe. In all cases, the bottom of the
tremmie or grout pipe shall be placed at the total depth of the borehole and
the material pumped, under pressure, as the tremmie pipe is removed. No voids
or air pockets are acceptable.

6.8.2 The manufacturer's recommended mix atio shall1be used for
all pre-packaged abandonment material, e.g., SureGel

m
Volclay

m
and similar

products. If other materials are used, they shall be prepared using the
minimum water volume necessary to allow pumping. Minimum material/water mix
ratios for common abandonment fluids are:

6.8.2.1 neat cement slurry —— in a ratio not to exceed seven
(7) gallons of water per 94 pound sack of cement. The neat cement slurry
shall have a minimum density of 13.5 lbs per gallon as measured by using a mud
balance or scale.

6.8.2.2 bentonite clay slurry will have a minimum uniform

density of 9.4 pounds per gallon. In addition, the bentorilte clay slurry
shall have a Marsh Funnel viscosity of at least 50 seconds per quart of fluid
and a ten minute gel strength of 20 lbs/sq ft. Density and funnel viscosity
shall be measured as outlined in the most recent "American Petroleum
Institute, Standard Practice Procedures for Testing Drilling Fluids"
publication.

6.8.2.3 Cement/Sand grout —— a slurry of cement, sand and water.
The amount of sand added shall not exceed 140 pounds for each 94 pounds of
cement. Not more than seven (7) gallons of water per 94—pound sack of cement
shall be used in preparation of these slurries. These slurries are normally
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used where extra strength or bulk is required.

6.8.2.4 Concrete —— a slurry of cement, sand and gravel
aggregate. The amount of aggregate added shall not exceed 400 pounds for each
94-pound sack of cement. Not more than seven (7) gallons of water per 94-
pound sack of cement shall be used in preparation of these slurries. These
slurries should be used where extra strength and bulk is required and the
annular space allows the placement of the slurry.

6.8.2.5 Beritonite solids —— solid granular bentonite may be
used as grout material only in saturated zones. The bentortite shall be placed
directly into the appropriate interval. If bentonite is dropped directly into
the hole, its placement shall subsequently be verified.

6.9 Allow sufficient time for the abandonment material to set up per
manufacturer' s recommendations.

6.10 Once the abandonment material has set up, place a minimum 2-foot
concrete plug in the borehole. The top of the concrete must be far enough
below the ground surface that it will not pose a hazard for vehicles operating
in the area such as mowers or plows. A steel marker may be placed in the
concrete if it is desirable to locate the borehole with a magnetometer in the
future.

6.11 Backfill the borehole to the surface with material compatible with
the surrounding surface materials.

6.12 Restore the site to blend with the immediate surroundings. Grade to
contour and reseed if necessary.

6.13 All materials recovered from the borehole and all waste created from
the abandonment effort will be disposed of in accordance with UNC Geotech
policies and in comp1iance with all applicable local, State, and Federal
requirements or agreements.

7. Report

7.1 A record will be kept of all abandonment activities, and will include
the well id. or registration number, coordinates of the well (tied to a
permanent marker), date abandoned, personnel responsible for abandonment,
contractor performing the procedures, permits or approvals received (state if
none were necessary), methods used, materials removed and disposal methods,
depths, hole diameters, materials and quantities used, unusual occurrences,
and other pertinent data.
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MULTIPLE—LEVEL MONITOR WELL INSTALLATION

INTRODUCTION

Defining the extent of a groundwater contaminant plume in geologic
materials requires a three-dimensional array of sampling points. Such an
array is commonly installed by placing a single pizeometer in each of a
series of boreholes.

When ground water contaminant plumes are suspected of having significant
depth as well as lateral distribution, a three-dimensional array of
monitoring points is needed to identify and characterize such plumes.
Thus, ground water data must be obtained from a number of different
locations and from a number of different depths at each location. As a
result, either a large number of driliholes are required, each with a
separate instrument installed, or instruments must be combined and
Installed at multiple levels in each of a smaller number of driliholes.

The basic requirements of any ground water monitoring system are that it
provide the user with the ability to measure fluid pressure, purge the
monitoring zone prior to sampling, obtain fluid samples, and undertake
standard hydrogeologic tests, such as permeability tests and tracer tests.

In addition, quality assurance plans for groundwater monitoring programs
have led to a requirement for periodic testing and calibration of all
aspects of ground water monitoring devices.

REFERENCE DOCUMENT

Black, W.H., Jf.R. Smith and F.D. Patton. Multiple-Level Groundwater
Monitoring with the MP System: Proceedings of the NWWA-AGU Conference on
Surface and Borehole Geophysical Methods and Groundwater Instrumentation,
Denver, Colorado, October 15-17, 1986, pp 41-61

APPARATUS

Multiple—level ground water monitoring devices use a single, closed access
tube with valved ports. The valved ports provide access to several
different levels of a drillhole in a single well casing. The modular
design permits as many monitoring zones as desired to be established in a
drillhole. Furthermore, at the time of installation, zones may be added or
modified without affecting other zones or significantly complicating the
installation.

Multiple-level systems consist of casing components, which are permanently
installed in the drillhole, portable pressure measu'rement and sampling
probes, and specialized tools. The casing components include casing
sections of various lengths, regular couplings, and valved port couplings
with different capabilities.
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Casing Components

The casing components are made in either plastic or stainless steel. The
descriptions that follow apply to both types of material. Most of the
components referred to are shown in Figure 1.

Casing

Casing is available in a number of different lengths to provide flexibility
in establishing the position of monitoring zones and associated seals in
the drillhole. Common nominal casing lengths are 5 ft and 10 ft . Actual
casing lengths are less than the nominal lengths to account for the lengths
of the couplings. The casing ends are machined to mate with couplings.

Couplings and End Caps

Regular couplings are used to connect casing lengths where valved couplings
are not required. The couplings incorporate 0—rings for a positive
hydraulic seal. No adhesives are used when joining casings and couplings.
End caps are placed on the bottom of a casing string. They also
incorporate an 0—ring seal so that the entire casing string is
hydraulically sealed during installation. End caps will be used to seal
the top of the casing between monitoring periods.

Valved Couplings

There are two types of valved couplings, measurement port couplings and

pumping port couplings. Measurement port couplings (or measurement ports)
are used where pressure measurements and fluid samples are required. In
addition to the features of a regular coupling, measurement ports
incorporate a valve in the wall of the coupling, a leaf spring which
normally holds the valve closed, and a cover plate which holds the spring
in place. When the valve is opened, an access port is provided for the
ground water to enter the coupling.

Pumping port couplings (or pumping ports) are used where the injection or
withdrawal of large volumes of fluid is desired (such as for well

development or hydraulic conductivity testing). Pumping ports incorporate
an interior sleeve valve, sealed by 0-rings,which can be moved to expose
or cover slots that allow ground water to pass through the wall of the
coupling. A screen is normally fastened around the coupling outside the
slots.

Seals

When there are many monitoring zones in a single drillhole, multiple seals
are required to prevent fluid migration from one zone to another along the
annular opening between the drillhole wall and the casing.
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Seals are obtained by backfllling with alternating layers of sand and
bentonite or grout. A single measurement zone where the multiple-level
system Is completed by backfilling is shown in Figure 1.

Backfilling is recommended for: a) large diameter driliholes, b) shallow
driliholes, c) driliholes where little or no fluid circulation is
anticipated in the hole during installation (i.e., when near—hydrostatic
fluid pressures or low hydraulic conductivity is present over the length of
the drillhole), and d) where packer gland materials are incompatible with
the chemistry of the fluids present, as at Plant 4.

Backfill seals may include bentonite and/or grout slurries. bentonite chips
or pellets or other materials with a relatively low hydraulic conductivity
in comparison to that of the natural formations present.

Screens and Filters

Where both pumping ports and measurement ports are being used and the ports
are likely to be surrounded by sand fill, a single well screen is generally
placed over both the measurement port coupling and pumping port coupling in
each monitoring zone as shown in Figure 1. The screen helps ensure that
the zone influenced by pumping from a pumping port coupling will extend to
and include the region surrounding the adjacent measurement port coupling.
Screen slot size and length will be chosen with a knowledge of local site
conditions.

INSTALLATION PROCEDURES

Selection of Casing Components

The valved couplings (measurement port couplings and pumping port
couplings) allow many monitoring zones to be established in a single
drillhole. Horizons of hydrogeological interest are targeted on the basis
of lithologic logs available. An installation log is prepared showing the
locations of the casing components. Because sampling, fluid withdrawal or
fluid injection is anticipated, both a pumping port coupling and a
measurement port coupling will be installed in each monitoring zone. This
is the case illustrated in Figure 1. Sampling of light nonaqueous phase
liquids (LNAPLs) will not be done using a multiple—level monitoring device
due to fluctuations in the water table that make it difficult to place a
sampling port at the proper depth for sample collection. Sampling of dense
nonaqueous phase liquids (DNAPLs) will be done by installing the sampling
port immediately below the top of the confining layer. This will require
that the well be drilled approximately 5 feet into the confining layer to
allow room for the multiple—level installation and a DNAPL trap,

The casing lengths are chosen based on the desired locations of the
monitoring zones and seals. This requires an interpretation of the
lithology and the hydrogeologic conditions anticipated in each drillhole.
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MONITOR WELL INSTALLATION

1. The downhole components — casing, and couplings - are laid out on clean
polyethylene at the site of the proposed monitoring well in accordance
with the casing installation log. At that time, any last minute
adjustments required to make the positions of the monitoring zones and
seals match hydrogeologic details of the drillhole are completed and the
appropriate revisions are made to the installation log.

2. The required coupling is attached to the top of each length of casing.
The casing layout is checked again for compliance with the installation
log. The casing string is then assembled by lowering the casing
segments into the drillhole and attaching each successive segment to the
adjacent coupling one at a time.

Casing layouts can be placed in various sizes of boreholes, with or
without protective drill casing, as long as the borehole diameter (and
casing) is compatible with the backfilling method. Backfilling will
involve the use of one or more tremie pipes. During placement of the
multilevel casing in holes where there is a high static water level,
clean water may be added to the inside of the multilevel casing to
reduce its buoyancy.

3. Once the casing has been placed in the drillhole, the backfill is placed
(see Figure 1). If the casing was lowered inside protective steel rods
or drill casing, this casing may be withdrawn in steps as the
backfilling operation proceeds. An incremental casing withdrawal can
reduce the opportunity for the drillhole wall to loosen and cave prior
to the placement of seals.

DEVELOPMENT of MONITORING ZONES

The strategy for developing the monitoring zones may vary depending on site
conditions. Once the casing and annular seals have been installed, the
development of the monitoring zones can proceed. Monitoring zones can be
developed individually or several at a time. The development procedures
are essentially the same as would be used for a single standpipe
piezometer. One procedure which has been successfully used is described
below.

1. An environmentally acceptable and convenient tracer is added to the
drill fluid during drilling.

2. After the casing has been installed and the seals have been set, the
pumping ports in all or a portion of the monitoring zones are opened
with the use of an open/close tool (Figure 2).

3. Fluid from the inside of the casing is pumped out of the hole. Either a
suction lift pump or a momentum lift device equipped with a foot valve
will be used to remove the fluid and any solids. The pumping time will
depend on many factors including: the drilling method, the length of
time the hole was left open prior to completion, the hydrogeological
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a) Pumping Port
Ciosed.

b) OpenICose
Tool Pulled Up to
Open Slide Valve.

c) Pumping Port
Open.

Figure 2. Steps in opening a pumping port.
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conditions in the drillhole, and the accuracy required. The tracer can
be helpful in determining when the pumping is completed.

4. Once the pumping has been completed, all the pumping ports except one
are closed with the use of the open/close tool. With one pumping port
open, the casing is hydraulically identical to a standpipe piezometer.
A small quantity of fluid may be pumped from inside the casing to

complete the development of this monitoring zone. Hydrogeologic testing
of this zone and its adjacent casing seals can be done at this time.
This pumping port Is then closed, the next one opened, and the process

repeated.

Following development, the multiple-level system is ready for sampling and
for pressure measurements.

GROUNDWATER SAMPLING AND AQUIFER TESTING - DISCUSSION

To operate the pumping port valve, an open/close tool is used as
illustrated In Figure 5. This tool has spring loaded "jaws" which can be
opened from the surface. The pumping port is shown closed in Figure 5a.
To open the valve, the tool is lowered on a wireline with the jaws extended
and pointing upward (i.e., so that they will catch on shoulders when the
tool is raised). In this condition, the jaws will spring through the
couplings as the tool Is lowered to just below the desired pumping port
coupling. The tool is then pulled up so that the jaws engage the bottom
shoulder of the sliding valve. By continuing to pull up on the wireline,
the valve can be opened, as in Figure Sb. Once the valve is opened, the
jaws can be collapsed into the housing and the tool recovered. With this
one valve opened, fluids can be added to or removed from the monitoring
interval by injecting or pumping from the casing. Other zones may still be
monitored in the normal manner using a pressure probe or sampling probe as
they will not be hydraulically connected to the interior of the casing.

To close the pumping port coupling, the open/close tool is brought to the
surface and the housing is reversed so that the jaws point downward (i.e.,
the tool will stop on exposed shoulders when the tool is lowered). The
tool is lowered to the open pumping port with the jaws collapsed into the
housing. Once the tool is located near the pumping port, the jaws are
released and the valve is closed by tapping on the top shoulder of the
sliding valve with the tool.

Aquifer Testing

Fluid Pressure Measurements

Fluid pressure measurements can be made at each location in a drillhole
where a measurement port coupling has been installed. The measurement
coupling includes a helical landing ring and a leaf spring valve which is
normally closed. The fluid pressure is measured using a pressure probe
which incorporates a location arm, a backing shoe, a face seal, and a fluid
pressure transducer. These features are shown on Figure 3. The probe is
operated on a cable and a readout unit at the surface displays the
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transducer output. Electronic pressure probes also display the temperature
of the transducer.

The following procedure is used to make fluid pressure measurements. The
probe is lowered to a point below the deepest measurement port to be
accessed. •The backing shoe is briefly activated (extended). This releases
the location arm from within the probe body. The location arm will remain
out until the probe is removed from the borehole and the location arm can
be manually pushed back into the body. The probe is raised to just above
the lowest measurement port coupling and then lowered until the location
arm rests on the helical landing ring inside the coupling. The weight of
the probe will cause it to rotate into position at the correct depth and
orientation to operate the valve (Figure 3a). At this point the pressure
transducer will be measuring the fluid pressure inside the casing at that
depth and this reading will be displayed on the surface data unit.

The backing shoe is then activated. It pushes the probe to the wall of the
coupling so that the face seal on the probe seals around the measurement
port valve at the same time as the face of the probe pushes the valve open.
The transducer is now hydraulically connected to the fluid outside the
coupling and isolated from the fluid inside the casing (Figure 3B). The
reading displayed on the surface data unit will be the fluid pressure in
the formation outside the measurement port. After the reading has been
recorded, the probe backing shoe is deactivated (retracted) and the valve
in the coupling reseals. The probe will again be measuring the fluid
pressure inside the casing (Figure 3a).

The probe is then moved up to the next measurement port and the procedure
is repeated.

Hydraulic Conductivity Testing

Multiple—level monitoring systems are designed to allow measurement of the
change in pressure during fluid withdrawal. An open/close tool is lowered
into the well and a pumping port opened. The open/close tool is removed
from the well, An electric water level recorder is used to determine the
fluid level. A specialized pressure probe containing an electronic
pressure transducer is then lowered inside the casing until it is 6 inches
above the bottom of the casing. A sealed and weighted bailer will then be
lowered inside the casing until the top of the bailer is 6 inches below the
fluid level. The fluid will be allowed to stabilize from the effect of
placing the transducer and bailer into the fluid. After the fluid level
has stabilized the bailer will be withdrawn from the fluid as described in
Appendix Section 11.4. The procedure for a single well aquifer test will
then be followed to determine hydraulic conductivity. This method will
determine the hydraulic conductivity of the materials surrounding each
pumping port and may be repeated for each pumping port in turn.
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Figure 4.

Groundwater Sampling

Operation of a sampling probe.

Fluid samples are obtained by lowering a sampling probe and sample
container to the desired measurement port coupling. As shown in Figure 4,
the sampling probe operates in similar fashion to the pressure probe except
that a ground water sample is drawn through the measurement port coupling.
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Ground Water Sampling Procedure

1. A clean, empty sample container (sample bottle) is attached to the
sampling probe. The sampling valve is closed to prevent the t'luid
inside the casing from entering the sample container. The probe and
container are lowered to below a selected measurement port coupling.
The backing shoe is briefly activated to release the location arm and
the probe is then positioned in the measurement port coupling (Figure
4a).

2. The backing shoe is activated and pushes the probe to the wall of the
coupling so that the face seal on the probe seals around the
measurement port valve at the same time as the face of the probe pushes
the valve open. The interior passage of the probe is now hydraulically
connected to water outside the coupling (Figure 4b).

3. The sampling valve in the probe is opened by the surface controls which
allows fluid from outside the measurement port to enter the sample
bottle (Figure 4c). Once the bottle is full, the sampling valve is
closed (Figure 4b), the backing shoe is deactivated (retracted) (Figure
4a) and the sampling probe and sample bottle are pulled to the surface.
The sampling probe can then be cleaned, a clean bottle attached, and
the procedure repeated.

The advantages of this discrete sampling method can be summarized as
follows:

1) The sample is drawn directly from formation fluids outside the
measurement port and the fluids inside the casing are unlikely to be a
significant factor. Therefore, there is no need for pumping a number
of well volumes prior to each sampling period. Because there is no
pumping prior to sampling, the sample is obtained with minimal
distortion of the natural ground water flow regime.

-

2) The lack of pumping means samples can be obtained very quickly, often
at an average rate of one sample every 5 to 10 minutes.

3) The sample travels a short distance into a sample container, typically
from 1 to 2 ft, regardless of depth.

4) There Is a greatly reduced requirement to safely dispose of purged
fluids containing contaminants.

Several different containers can be used for samples. Samples can be
obtained which have had no contact with theatmosphere. Containers are
also available which maintain the sample at the pressure in the formation
during recovery from the well and transportation to a laboratory. Other
containers allow the sample to depressurize as it is brought to the
surface.
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Venting Hypodermic
Needle
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Holder for Glass

Sample Bottle

from sampling
orcbe

One-way Pressure
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Head Space
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1/8" Teflon
Tubing
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Filling Hypodermic
Needle

Figure 5. Sample bottle holder containing glass VOA sample bottle.

One type of container, which is used for collecting samples for volatile
organic analysis, is illustrated in Figure 5. With this container, the
sample flows from the sampling probe through a 1/8 inch teflon tube and
stainless steel hypodermic needle directly into a 40 ml VOA glass sample
bottle. A second needle vents the glass bottle so that a full sample
bottle can be collected. The second needle, together with the one—way
pressure relief valve, also permits flushing of formation fluids through
the sample bottle before the final sample is collected. At the surface the
perforated septum will be replaced with a new septum to minimize the
release of volatiles during shipment to the laboratory.
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FIELD QUALITY CONTROL PROCEDURES

Multiple-level systems have many unique features for field quality control
that meet the stringent requirements of users in hazardous waste

management.

Quality control tests are carried out at various points during the use of
the system and tend to be grouped Into three periods: during installation,
following installation, and during routine monitoring.

During Installation

During installation of the multiple—level system the following operations
form part of the quality control procedures.

Drill core or cuttings and geophysical logs are carefully checked to see
that monitoring zones and annular seals are placed at the optimum

positions.

Casing components are carefully inspected to see that critical surfaces are
undamaged, sealing 0-rings are clean and in place, and components are
correctly oriented. Serial numbers of port couplings are recorded and
their position in the installation noted. These operations will tie the
field quality control to production test results.

When the multilevel casing string is lowered into the drillhole, the water
level inside the casing can be kept at a different level than the water
outside the casing. The level inside will be checked periodically to see
that no leaks have developed.

Following Installation

Immediately following installation further checks are carried out to verify
the operation of the system. These include the initial pressure profile
which serves to confirm the operation of the inlet valves of the
measurement port couplings. Observed head differences across exterior
casing seals directly indicate the seal effectiveness. Where such head
differences are not observed, the annular seals can be artificially
stressed by opening a pumping port in one monitoring zone and withdrawing
or adding a slug of water from inside the casing while using the pressure
probe to observe the pressure response in the monitoring zone on the other
side of the seal.

During Routine Monitoring

When measuring fluid pressures, the pressures measured inside the
multilevel casing at each measurement port are recorded immediately before
and after the measurement made through the port. These inside casing
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values serve a number of purposes: 1) comparison of the two values
confirms that the transducer was operating the same way after the reading
as before, 2) comparison of' the inside values from one set of measurements
to the next confirms transducer stability over the intervening time period,
and 3) if the head of fluid inside the casing is known, a direct field
calibration of head of water versus transducer pressure output is obtained.
In addition, when the electric pressure probe is used, the temperature of
the pressure transducer is recorded and may be used to further correct the

transducer output. Any unacceptable changes which show up during
monitoring can be checked and corrected by laboratory calibration of the
instrument.

Water sampling procedures with the multiple—level system improve quality
control because: 1) the short flow path between the formation and the
container greatly reduces the surface area contacted by the sample, 2) the
contacts between the water sample and the atmosphere are eliminated, except
when the perforated septum is replaced, and 3) when the water level inside
the casing can be observed during sampling and no change is noted, this
confirms that the sample obtained is from outside the casing.

During water sampling, field duplicates will be collected using identical

procedures for sampling, preservation, handling, and shipping. Trip blanks
and field blanks will also be collected using identical procedures for

handling, preservation and shipping.

For both fluid pressure and water quality data, the multiple-level system
can provide corroborative data. That is, a high density of data can be
obtained in a single installation so that significant changes in
piezometric pressure and/or water quality can appear as transitions. Thus,
neighboring values will corroborate one another rather than indicating
abrupt changes which would cause one to question any anomalous values.
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SINGLE—WELL AQUIFER TESTS

INTRODUCTION

Single—well aquifer tests will be performed using the slug—withdrawal
method. The test data will be used to measure the hydraulic conductivity of
the upper zone layers at AFP 4. The test will be performed on all new
monitoring—well completions in the upper zone.

REFERENCE DOCUMENTS

Freeze, R. A., and J. A. Cherry, 1979. Groundwater, Prentice-Hall, Inc..
Englewood Cliffs, New Jersey, pp. 339—341.

Hvorslev, M. J., 1951. Time Lag and Soil Permeability in Groundwater
Observations, Bulletin 36, U.S. Army Corps of Engineers, Waterways Experiment
Station, Vicksburg, Mississippi.

SIGNIFICANCE AND USE

To evaluate the groundwater transport mechanisms at each site at AFP 4,
hydraulic conductivity of the upper alluvial deposits must be determined.
This information will be used for groundwater flow, and contaminant fate and

transport modeling.

APPARATUS

The test apparatus will consist of a sealed, weighted bailer with a known
water displacement volume and an electronic pressure transducer connected to
an automatic electronic data logger. The bailer support line and pressure
transducer cable will be marked to allow proper positioning in the well.

PROCEDURE

1. With the electronic sounder (interface probe), measure the static water
level In the well and record in terms of feet below top of casing.

2. Lower the transducer to a position six inches above the bottom of the
well casing and tape the cable to the exterior of the casing at the top
of the well to hold the transducer in position. Record the transducer
reading displayed on the data logger.

3. Lower the bailer until it is totally submerged, with the top of the
bailer six inches below the static water level.

4. Monitor the water level until the well stabilizes (the data—logger
reading is returns to the value recorded prior to inserting the bailer).

5. Set the recording level on the logger to CONTINUOUS.
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6. Rapidly and smoothly lift the bailer out of the water column and remove

the bailer assembly from the monitor well. Decontaminate the bailer and
support line in accordance with applicable procedures.

7. After the bailer is lifted out of the fluid, the recorder will record
continuously for 5 minutes.

8. At 5 minutes, set recording interval to 30 seconds and record for 5
minutes.

9. At 10 minutes from the start, set recording interval to 1 minute.

10. At 20 minutes, set the recording interval to 2 minutes.

11. At 40 minutes, set the recording interval to 5 minutes.

12. At 2 hours, set the interval to 10 minutes and maintain until the water—
level recovery rate has become negligible.

13. Upon completion of the test the pressure transducer and support cable
will be removed from the well and decontaminated in accordance with

applicable procedure.

NOTE: The data at all intervals will be transferred into individual data
files on a microcomputer from the logger. The first column will be "time
in seconds" and the second will be "hydraulic head in feet." The
computer program BAIL, developed and QA-verif led by UNC Geotech, will be
used to calculate the hydraulic conductivity from the slug test.
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MULTIPLE-WELL AQUIFER TESTING PROCEDURE

Hydraulic conductivity data obtained from the analysis of individual slug
tests will be used to determine the appropriate combination of pumping rate
and pumping—well offset distance (with respect to the monitoring or
observation wells). Pumping wells will be selected based on a review of all
previous water quality data to ensure that the pumping test has a minimal
influence on the spread of contaminants at AFP4. Before pumping tests are
conducted on a new well the pumping well will be sampled for hazardous
materials and the results will be analyzed. On the basis of the analytical
results, the pumped fluid will be discharged to an approved NPDES permitted
facility or released. The appropriate regulating agency will be contacted
prior to the start of any pumping test for approvals.

If conditions permit, a suction—lift pump will be used to withdraw water from
the pumping well. A submersible pump will be used if the static water level
in the pumping well is too far below the ground surface to permit suction-lift
pumping (the actual limiting value will depend on the performance
characteristics of the pump used and the desired drawdown in the pumping

well).

Prior to the start of the test, an electronic pressure transducer will be
placed in each observation well. Each transducer will be lowered to a
position 6 inches above the bottom of the casing, and the transducer cable
will be taped to the outside of the well. Another transducer will be placed
in the bottom of a sand—filled bucket to monitor barometric pressure changes.
All transducers will be connected to an automatic data logger.

The pumping apparatus (either a PVC intake pipe or a submersible pump unit) is
then installed In the pumping well. A valve on the discharge line will be set
at approximately 75 percent open. As the test progresses and the hydraulic
head in the pumping well decreases, a constant flow rate will be maintained by
opening this valve further. The pumping rate will be calculated by measuring
the time required to fill a large container of known volume. The pumping rate
will be measured once every 10 minutes during the first 2 hours of the test,
and the valve will be adjusted as needed to maintain a constant pumping rate.
After 2 hours, the pumping rate will be measured (and adjusted if necessary)
once every 4 hours.

Prior to the start of the pumping test, the static water levels in the pumping
well and the observation wells will be measured manually. The data logger is
then turned on and observed until all channels show an essentially constant
pressure. The recording interval is then set at "continuous" (one set of
readings approximately every 4 seconds) and the pump is turned on to begin the
test. The continuous recording interval is maintained for the first 10
minutes. At 10 minutes, the recording interval is set to once per minute; at
100 minutes, the interval is set to once per 15 minutes; and at 600 minutes,
the interval is set to once per 30 minutes and remains at this setting for the
duration of the test.
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CONTINUOUS WATER LEVEL RECORDINGS

Explanation and Method

Continuous water level recorders will be placed in several of the wells at Air
Force Plant 4 to record fluctuations in water table elevation.

Continuous water level recording equipment consists of electronic pressure
transducers and electronic data loggers. The pressure transducers will be
decontaminated and lowered into a monitoring well. The transducer is
connected to an electronic data logger capable of recording data values (water
table elevations) at user—selectable intervals. At Air Force Plant 4 the data
interval will be set to record every 15 minutes. The data loggers contain
enough memory to store data collected at 15 minute intervals for 16 weeks.
The data logger will be connected to a laptop computer every 8 to 14 weeks to
dump the previously collected data. Data loggers contain internal batteries
which allow data collection for approximately 5 years. Data loggers used at
Plant 4 will be maintained by IJNC Geotech Electronics Laboratory personnel to

verify proper equipment operation.

The electronic pressure transducers are calibrated at the factory and require
no further field calibrations. Before the transducer is placed in a well, the
water level is measured using an electronic water level recorder. The
transducer is then lowered into the well, to a depth that is below any water
level fluctuations. The pressure value indicated on the data logger reflects
the depth of the pressure transducer below the water level in the well.
Before using the data logger, the operator will wait for the water level to
stabilize from the effect of placing the transducer and cable into the well.

Reference Document

Hermit Environmental Data Logger, Model l000b, Owners Manual. June 1986,
In-Situ, Inc. Laramie, Wyoming
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BIGTA

This protocol was prepared to address the utility and methodology of

utilizing plants and aquatic animals as a means of measuring the presence

and/or the distribution of hazardous substances in terrestrial and/or aquatic
environments. The emphasis is on the use of biological material as sampling

media and on the course of action when contemplating the use of biological

material.

Whet, biological material is under consideration as the sampling medium, a

preliminary reconnaissance of the study area is recomended. The

reconnaissance will familiarize the investigators with the area to be

studied, provide insight into the efficiency of biological sampling, and

indicate the resource requirements (funding, personnel, equipment) for the

program.
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As a sampling medium, plants are more spatially and temporarily variable than

most other commonly sampled environmental media. As such, interpreting data

from plants may be extremely complicated.

In at least two situations, the efficacy of plant sampling may be indicated

even before the pollutant is identified. In the first, the effect of an

agent may be apparent on plants (for example, death of a plant species in a

specific area) even though the agent is unknown. In the second, a mixture of

pollutants is known to contribute to the damage or effect. Such is the case

with smog and some of its constituents, notably ozone, sulfur dioxide, and

oxides of nitrogen. Furthermore, vegetation can be a contaminant receptor

showing no effects, such as with tritiurn exposure. In these circumstances,

vegetative tissue can be collected and analyzed for the presence of a

pollutant.

TERRESTRIAL VEGETATION

Discussion and ADolications:

Vegetation sampling is generally recomended when: a) knowing the

distribution of plant symptoms can help in determining the areal distribution

and the identity or source of the pollutant; b) plants provide the only

practical sample for certain pollutants; or c) it is suspected that the agent

will be identified and proof of damage can be obtained from the associated

symptoms it produces in plants. Viruses, fungi, and/or bacteria can produce

symptoms similar to heavy—metal toxicities, sulfur dioxide, fluoride, or

herbicide damage. If symptoms caused by a specific pollutant are present and

can be identified, the probability exists that sampling and analysis of air,

water, or soil would be preferable to sampling and analysis of vegetative

tissue.
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Factors pertinent to selecting a vegetation sample include:

o Species

o Distribution of species

o Presence of symptoms

o Exposure pathway

o Uptake characteristics of species

o Species location and proximity to a pollutant source

o Geographic and topographic conditions

o Plant parts.

A guide for selecting the species and/or plant organ to sample can be found

in Hunter et al., 1984 (see Biota Reference List, Section E7.4). At times,

due to the behavior of a specific pollutant, it is important to collect the

entire plant or to analyze woody stems and twigs. The usual practice is to

sample either the leaves or the roots. The final choice must be a compromise

based on several factors, including pollutant behavior, time, and economics,

without compromising the sampling objectives.

Plant part selection requires some knowledge of how specific pollutants

interact with specific plants. A given chemical may accumulate on a plant,

in it, or both. It may initially be deposited on a leaf, move through the

leaf's surface, and translocated within the plant. It may also remain on the

leaf or be stabilized at some point within the plant. Alternatively, it may

be taken up by a root and distributed upward with the plant. It could also

be chemically degraded, modified, washed off the plant, or photodecomposed by

sunlight.
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Species and Symptom tdentification

To collect a small plant specimen for identification, the entire plant

(including roots) may be collected. For large plants, take a full

representation of leaves, sterns, and flowers. Pay attention to details such

as collecting enough leaf material with attached stems to determine opposite

versus alternate leaf position, full shape(s) of leaf, terminal stems with

buds (if collected in winter or spring), along with a large amount of flower

material. Collect seed if available.

Plant identification is based primarily on morphological characteristics.

The use of a key leads the investigator to specific identification for the

plant. The key is a device that uses a combination of salient

characteristics to minimize misidentification of plants. Experience in using

keys, plant taxonomy, and terminology will aid the field investigator in

plant identification.

In the field, place each plant specimen in an individual, labeled container

noting the collection parameters: exact time; date; location with legal

description by government survey (i.e., range and township, TUM coordinates,

or by street address); investigators name; adjacent plants (conTnon or

scientific names); a. unique number given to each specific plant collected;

project number; and any landmarks, notes, or pertinent details of the

locale. When field identification is not possible, use plastic bags to help

retain moisture and keep the plant from wilting before examination. If a

long time exists between collection and examination, store the bags in a

refrigerator or on ice; however, prolonged storage will lead to mold and/or

spotting of the specimen. Although bagging serves to keep plants separated

until examined, it is considered a temporary system of storage or is used

only during transport.

Species and symptom can often be identified in the field at the time of

sampling, but it is usually a better practice to return samples to the

laboratory and retain them as a long—term record. Samples for symptom

examination cannot be retained as pressed—and—dried specimens, but will be

preserved in a comercially available vegetation preservative. Depending on
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the program's objective, plant symptoms are best described by a plant

pathologist.

Collection Considerations;

Samples are normally not taken from one plant or a single grass. Take eight

to ten subsamples at equidistant points around the perimeter of a circular

area of an arbitrarily chosen diameter (e.g., 10 or Z5 m) and composited into

one sample. If this process results in a larger sample than is necessary for

the chemical analysis, divide the sample.

Other connon design methods include establishing a grid or transects. The

use of a grid design involves overlaying a specified size grid on a map of

the study area. Grid coordinates are systematically, randomly or

judgmentally selected to produce "squares" for sampling. Within each

selected grid square, a sample location may be randomly selected or the

entire square may be sampled. Cross and/or straight line transects may or

may not be located randomly within the sampling area. Arbitrary distances

along the transect are selected and a predetermined area around the transect

point is sampled. Because of the diverse habitats and variety of species

that may be encountered during the environmental survey, a definitive single

design cannot be recomended. Detailed sample design methodology is

discussed in Green (1974), Hunter et al. (L984), and Smith (1974).

Collection Procedure:

Higher plants may be categorized in three general types:

1) Grasses

2) Shrubs

3) Forbs (weeds).
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If preliminary data are unavailable, plant parts from each type may be

sampled to provide adequate representation. The preferred plant parts to be

sampled for each group are:

1) Grasses——Collect entire (roots and leaf parts) plant. If

instructed, separate roots from leaf parts.

2) Shrubs and trees——Collect leaves, stems, and roots separately.

Stems may not be required if target specie's biochemical properties

are known. Knowledge of potential contaminants may also prove

useful in the decision of which plant parts to collect.

3) Forbs——Collect entire plant. If time permits, reproductive

structures (i.e., seeds, flowers) should be collected separately

from the specimens. This may be possible only in the spring or fall

(season is species—dependent). If instructed, separate all plant

parts prior to sample preparation.

Preparation Procedure:

Keeping the eventual analysis in mind, sample preparation will attempt to

avoid cross—contamination during sampling, retain the sample's chemical

integrity, and ensure the sample's identity throughout field handling and

shipment. A comon problem in environmental sampling problems is maintaining

sample identity. Pencil and pen markings may fade or become smeared by

moisture, labels placed inside the sample container can alter the chemical

integrity, and labels and tags can become detached and lost. A good approach

to this problem is to use an indelible ink marker on a tag that can be

attached to the sample container by twisted wire. Writing directly on the

exterior of the sample container may be acceptable. Field documentation

specifics are discussed in Appendix I of this Manual.

Sample containers can be plastic bags, or Teflon or glass jars, depending on

the requested chemical analysis. Samples can be collected in plastic bags

for trace—metal analysis. Mormally samples intended for organic analysis

must be collected in Teflon or glass containers, but if intended to identify
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a very stable, nonvolatile chemical, they can be wrapped securely in aluminum

foil. More complete requirements concerning containers and sample

preservation is found in Appendix I of this Manual.

Samples can usually be stripped or broken from the plant manually. However,

if cutting or digging tools are required, care must be taken to avoid cross—

contamination. The tools will be washed and rinsed thoroughly between

samples. Similarly, metallic cutting tools will be avoided when collecting

samples for trace—metal analysis. Tools coated with Teflon will minimize

metallic contamination. When entire plants are collected, clean the roots by

brushing with a natural hair brush, then rinse the plant with deionized,

distilled water at the time of sampling. Soil will not be permitted in the

sample container with the plant sample.

Vegetative material is subject to mold and decay. Thus, samples must be

properly preserved during sampling and transport. Preservation methods are

identified in Appendix I of this Manual.

Depending on the analytical requirements, samples may have to be ashed (40 g

of ash is generally recomended), digested, or packaged in an appropriate

geometry for radioanalysis. Compatibility between analytical methods, sample

collection, and sample—preparation methods is critical. The analytical

protocols should be consulted prior to sample collection and preparation.

AQUATIC VEGETATION

Discussion and ADDlicatign:

Corrrnonly occurring macrophytes are rooted vascular plants that are usually

arranged in zones or belts corresponding closely to successively greater

depths. Each deeper zone has its dominant vegetation composed of species

more tolerant of decreasing illumination. Processes of erosion and

deposition are constantly controlling the extent to which these plant zones

develop. The characteristic plant forms that dominate these environmental

gradients (in order of decreasing depth) are: 1) submersed rooted aquatics,

2) floating—leaved rooted aquatics, and 3) environmental rooted aquatics.
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Comunities of vascular plants also may live unattached in the water, and

because depth of water is of no consequence, these plants may occur anywhere

on the water surface.

Bryophytes, the mosses and liverworts, are less conspicuous than the vascular

plants. They generally grow in mats attached to submerged or partly

submerged rocks in swiftly flowing water. In shallow quiet water,

particularly along the edge, mosses and liverworts may grow attached to

submerged rock and mud substrata among rooted vascular plants. It may not be

cost effective to collect these specimens, as methods are intensive and

t ime-consumi rig.

Algae are plants that lack true roots, stems, and leaves. They include the

smaller of the chlorophyll—bearing plants, consisting of a single call

commonly found in the plankton, as well as marine representatives ranging to

several tens of meters (hundreds of feet) in length. Fresh—water species of

algae, which range in size between these two extremes, occur as individual

plants or in large patches attached to rocks in flowing water. Such plants

may be gray, green, blue—green, or olive, and are slimy to the touch, such as

Batrachosoermurn. Or, they may be green and have a coarse filarnentous

structure with profuse lateral branching, such as Cladoohora. It may not be

cost effective to sample algae if a large sample size is required.

Growth of aquatic macrophytes depends on the availability of nutrients. In

some bodies of water, nutrient enrichment results in excessive growth of

macrophytes, and this acceleration of productivity is a major nuisance

condition and an important water—quality problem. Tissue analysis of these

plants may provide information for evaluating nutrient levels and pollutant

levels in aquatic systems.

oilection Procedures:

Sampling procedures may involve establishing transects, grids, or small plots

following procedures adapted from terrestrial plant survey techniques.

Samples are generally collected by hand, with grappling devices, rakes, or

dredges. If water is sufficiently shallow, collection by hand is
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recorwnended. In deeper waters, grappling device or rake is preferred.

Analytical requirements may determine that these tools be coated with

Teflon. Take care to avoid snagging tools on submerged rocks or logs, as

this may result in loss of plant sample and damaged equipment.

A transect design may prove more effective when grappling hooks or rakes are

employed. Transects can be placed across the entire width of lakes, rivers,

parks, and/or streams, and may cross various habitats. In small ponds or

lakes, transects may be laid at intervals yielding a "pies' design.

Collect desired quantity of plants by hand or with a sampling device. Remove

selected species, if specified, and place sample in a lettuce spinner or any

similar apparatus, to remove excess water. Samples will be placed into

preselected containers and labeled. Place containers in a cooler containing

dry ice or freezer packs.

TERRESTRIAL AND AQUATIC VEGETATION SAMPLING EQUIPMENT

Camera and film

Clipboard

Compass

Digging stick

Gloves

Ice chest

Maps (local topographic)

Meter stick/tape measure

Metric ruler (e.g., 10 cm)

Pens (indelible ink)

Dry ice/freeze gel packs

Plastic bags
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Pole shears* (for woodlands)

Pruning shears*

Clippers

Recordbook

Tags

Tape

Tools (hamer, shovel, trowel)

Tweezers

Vials (small)

Plant grappling bar,* (Ward's Natural Science) or equivalent.

A sample grappling hook may be fabricated by binding the shanks of

several hooks removed from wire coathangers with lightweight wire.

Provide a loop from an extra long shank for attaching a line.

Steel garden rake*

Dredge

Scoops

Lettuce spinner (or similar device).

Fl SF1

Fish may be the principal aquatic biota of interest in investigations

designed to assess the impact of introduced contaminants on aquatic

ecosystems. This is particularly true in investigations involving

bioaccumulative toxic substances, since some fish species at the upper levels

of the aquatic food web provide a direct link in the transfer of these

substances from the aquatic environment to man. Because fish bioconcentrate

some toxic substances, tissue concentrations frequently exceed the

concentrations in ambient waters and in the lower trophic level food

organisms by several orders of magnitude. Since the natural life histories

of most fish species span several years, sufficient time is available for

fish to accumulate high residue levels through continuous low—level exposure.

Rleflon...coated if necessary.
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An indication of the relative severity of the toxic impact is the absence of

fish or a particular fish species in aquatic habitats subject to toxic

pollutants, but otherwise well—suited for habitation. Total absence of fish

in a particular habitat, significant reductions in total densities, or a

substantial decrease in the number of species present may be attributable to

direct lethal effects, chronic reproductive failures, or voluntary avoidance

of the contaminated area.

Fish sampling has serious limitations when determining an effluent's toxic

effects on receiving water comunities. Owing to their mobility, fish are

frequently able to avoid exposure to harmful pollutant levels during the

pulses of lethally concentrated pollutants. This assumes, of course, that

escape routes or temporary refuges with reduced levels of the toxic pollutant

are available to the fish.

Another factor that complicates the use of fish as indicators of the degree

and extent of severity of toxic effluents is the apparent ability of

organisms to acclimate to low—level exposure of metals and other toxic

substances. Increasing evidence suggests that fish, and most other

organisms, have natural detoxifying capabilities that enable them to

withstand exposure to levels of toxic metals at concentrations that would

prove lethal to specimens with no previous exposure history.

However, despite the problematic interpretation of comunity—change

significance, a great deal of information can be gathered from analyses of

- fish comunities, in conjunction with examination of other biological

ecosystem components.

Prior to initiating any fish collection program, the investigator must make

some preliminary determinations. First, he must determine whether fish are

present in the particular waterbody, and if so, attempt to establish what

species are present. Examination of scientific literature, water quality

characteristics, the physical nature of the environment, and temperature

regimes will provide a clue as to the type of fisheries expected in a

particular stream segment. Generally, it is recomended to collect fish from

the three categories listed below because they have one or more of the
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following characteristics: they are usually readily available in adequate

numbers, they are likely to accumulate any pollutants, and they are often

consumed by humans. The three categories of fish are:

1) Gamefish (e.g., trout)

2) Roughfish (e.g., carp)

3) Bottomfish (e.g., catfish).

The number of fish collected from each category is dependent on the sampling

design and analytical requirements. Without a specific sampling design,

collect a minimum of five fish of a single species from each category.

Assuming that preliminary data indicate fish sampling is feasible, the

investigator will proceed with designing the sampling program. Following the

assessment of preliminary survey data, the investigator(s) will have an

appreciation for the type of sampling design necessary to provide the

necessary data.

Fish—collection methods are frequently discussed as either active or

passive. Active collection methods include the use of electroshockers,

seines, trawls, poisons, and angling gear. Passive methods involve the use

of gill, Fyke, tramel, and impoundment nets; 0—traps, and purchasing fish

from fishermen. Other inventory methods, which normally do not involve

collecting specimens, include visual observations and using remote sensing

devices (hydroacoustics).

ACTIVE COLLECTION

E]ectroshockin

Discuss ion:

This method of fish capture is one of the least selective of the active fish

sampling methods. It involves passing an electrical current between two
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submerged electrodes or between one electrode and a ground. When an

alternating current (AC) is passed between two submerged electrodes, fish

present in the field are temporarily stunned. Fish lose equilibrium and are

easily removed from the water by a dip net. A direct current (DC) passed

between a submerged electrode and a ground induces "galvanetaxis" so that

fish move toward the anode and then can be dipped from the water.

Electroshocking units are available for mounting on a boat; smaller units are

backpack shockers. The boat-mount shocker uses a 110—V, 60—cycle generator

run by an air—cooled gasoline engine. The entire motor/generator assembly

weighs approximately 70 lb. Voltage can be varied by a variable voltage

pulsator, between 50 and 700 volts AC and between 25 and 350 volts DC.

Aool icat ion:

Electroshocking is not effective in brackish, salt, or

( 25 mg/L as CaC03). tn fresh water, DC or pulsed DC

Pulsed DC reportedly is more effective in leading fish

used properly. However, in soft waters, AC may be more

pulsed DC. Boat—mount shockers can be used effectively

ponds and lakes, but are not effective in waters deeper

shockers are designed for use in small, wadable streams

extremely soft waters

is usually used.

to the anode when

effective than DC or

in shallow rivers,

than 5 m. Backpack

Procedure for Alternating Current 3ackoack Shocker:

1. Two samplers, each holding the nonconductive handle of a submerged

electrode, walk upstream a predetermined distance.

2. A third (and possibly fourth) sampler follows them with a dip net

and containment vessel.

3. As the two samplers walk upstream, no more than 5 m apart, the third

sampler collects the stunned fish and places them in the containment

vessel.
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4. Everyone involved in sampling must wear waterproof waders. Note:

Never attempt to electroshock alone.

Procedure for Direct Current Backck Shocker:

1. One sampler holds the cathode (ground) suspended in the water.

2. The second sampler moves the submerged anode plate through the water

leading fish to a hand—held dip net for capture.

3. A third sampler holds the dip net and collects the fish.

4. Fish are placed in the containment vessel.

Procedure for Boat—Mount Shocker:

1. Electrodes are extended from bars in front of the boat. Electrodes

may be wire, chain, or free—swinging metal rods.

2. Three samplers are required: one to operate the generator, and two

to keep the electrodes in place and collect the stunned fish.

3. A second boat may follow the first to collect any late—rising fish.

Seine

Discussion:

Seines are constructed of strips of strong netting with wooden floats

attached to the top and heavily weighted line at the bottom. Two basic types

of seines are in comon use, haul seines and straight seines. Haul seines

may be somewhat bag—shaped in the center to aid in confining the fish. The

wings of haul seines may be of coarser mesh than the center portion and they

may be tapered to the ends where they are attached to stout poles. Hauling

lines can be attached to the top and bottom of the poles. Deep—water seining

requires the use of a boat and operator as well as someone to remain on

shore.
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Straight seines are constructed of rectangular-shaped netting

floats and weights attached. They are designed for use by two people in

shallow waters. The nets have stout poles attached to each end for the

operators to use in manipulating and positioning the forward edge of the net.

Aooliction:

In small, shallow, slow—moving streams with relatively smooth bottoms and few

obstructions, two—man seining operations can be very effective. When used in

waters no deeper than two—thirds the height of the seine, all fish within the

seined area that are large enough to be retained by the mesh are subject to

capture.

In practice, seining is somewhat selective, in that some fish avoid the net.

It is not effective in removing all the fish in waters deeper than two—thirds

the height of the net, because fish will pass over or under the net.

Obstructions in the stream and irregular bottoms interfere with seining

operations and allow fish to escape.

Procedure:

1. Two samplers hold opposite ends of the seine and stretch the net out

perpendicular to the shore.

2. Haul the seine parallel to shore for the prescribed distance

upstream, in seining streams, keep the lead line in contact with the

substrate at all times. Always haul with speed of current when

sampling streams.

3. Keep onshore end as close to the shore as possible, avoiding

obstacles. Offshore end should slightly precede onshore end during

the haul.

4. After hauling the seine the desired distance, pivot offshore end

toward shore.
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5. Slowly pull both ends of lead line onto shore. Do not pull lead

lines in too rapidly as the float line will submerge allowing fish

to escape.

6. As float line and seine become slack, pull seine into shore allowing

for a pocket to remain in center of seine; shake fish into this

pocket.

7. Remove the desired number and types of fish, returning other fish to

the water.

Trawl

Dtscussion and Application:

Trawis are specialized seines designed to be towed behind a boat in large

open—water bodies at speeds sufficient to overtake the fish. Three basic

types include: 1) the beam trawl used to capture bottom fish; 2) the otter

trawl used to capture bottom and near—bottom fish; and 3) the open water

trawl used to capture schooling fish.

Trawls have little application in most flowing systems except in very large

rivers. The beam trawl and open—water trawl are both too cumbersome to

handle from small boats because of their construction. Modified otter trawis

can be used from small boats manned by an experienced crew.

Methods for trawl use can be found in Bagenal (1978), and Nielsen and Johnson

(1983). See Section E7.4 for complete references.

Angling

Discussion and Aoolication:

The Thook and line4 approach is one of the most selective forms of fish

collection. It can be as simple as still—fishing using a hand—held rod,

trolling lures or baited hooks, or it may involve the use of trout lines and
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multiple baited hooks. This method is generally unsuitable for detailed

survey work because it is too selective in sizes and species caught.

Furthermore, the catch per unit effort is generally low. It cannot be

considered as anything more than a supportive technique or a method for

obtaining a few adult specimens when other techniques are inappropriate. For

example, it could be an appropriate protocol for obtaining a few specimens

for tissue analyses.

Chemical Poisoning

Discussion and EAoolication:

This method is not recommended, but is a possible means of sampling that

requires experienced practitioners. Various chemicals have been used for

sampling entire fish comunities. Historically, the most common chemicals

used included rotenone, toxaphene, cresol, copper sulfate, and sodium

cyanide. Rotenone is generally considered the most acceptable because it is

highly degradable and does not pose problems with precipitation or persistent

toxicity as do some of the others. It is also relatively safe for the user,

although at high concentrations (132 mg/kg) it is toxic to mammals, including

man. Several of the chemicals historically used for this purpose are now on

the EPA priority pollutant list (e.g., copper, cyanide, and toxaphene). If

the purpose of fish sampling is to analyze tissues for toxic substrate, the

use of poison as a sampling technique must be avoided. The poison could

induce physiological changes that alter the concentration of pollutants in

tissue. Chemical means for collecting fish may be appropriate when

radioanalysis is required.

PASSIVE COLLECTION

Passive techniques usually require less effort than active techniques, but

they are also usually less suitable for shallow water collecting because many

species evade entanglement and entrapment devices. In general, the size of

the catch obtained with passive techniques is a function of the size of the

population being sampled and the movement of the fish population.
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Entanglement Nets

Discussion and Aoolicatiori:

Gill and tramel nets are comonly used to sample fish populations in lakes,

reservoirs, estuaries, and large rivers. They can be fished at the bottom,

at mid—depth or at the surface and can be operated as stationary or movable

gear. They are not well—suited to fast—moving rivers because they are nearly

impossible to hold in place and tend to clog with debris. The problem of

clogging is also a serious drawback in slow—moving rivers that carry a heavy

debris load. When used as movable gear in rivers, the netting operation is

hindered by the snagging of rocks and debris.

Gill nets are considered to be species and size selective because the mesh

size determines the catch. Gill nets can be constructed of several sections,

each of different mesh size, thereby providing a greater range of sizes and

species collected. They can be constructed of multifilament or monofilament

nylon. The monofilament nets are more expensive and more difficult to use

than multifilament nets, but they also generally capture more fish. To

reduce chances of net entanglement, the individual floats and lead weights

normally supplied with the nets can be replaced with float lines and

solid—core lead lines.

Gill nets require at least two individuals working from a boat to set and

retrieve them. They are effective in collecting pelagic fish, but present a

severe tangling problem when used where species with large or barbed spines

(such as catfish) are present.

Tramel nets are constructed of a layer of large—mesh netting on each side of

loosely hung smaller gill netting. Small fish are collected in the gill

netting and larger fish are captured in the pocket of the gill netting that

is formed as the smaller meshed netting is forced through an opening of the

larger meshed netting.

Tramel nets are used in the same manner as gill nets, i.e., across the

anticipated path of movement of the fish, or they are placed to encircle a

A12.2-9



53 32'±
visible school. As for gill nets, at least two people are required to set

the nets, but because of the severe entanglement problem associated with

removal of the catch, additional help is desirable when retrieving the nets.

Procedure:

1. Untie free end of gill net from storage hook.

2. Tie off float line to shore so that the beginning of the gill net is

in at least 0.5 to 1.0 tu of water. Set the smallest mesh size

closest to shore.

3. Stretch out gill net perpendicular to shore. Attach anchor to lead

line and marker float to float line. Make sure net is as taut as

possible. !1ets may be set in pelagic waters using sufficient

anchoring to maintain tautness.

4. Leave net in water the prescribed length of time.

5. Retrieve net in same order as it was set, beginning with the

smallest mesh.

6. Pull net on shore removing fish as they are encountered.

7. Remove all fish. Stretch out net to dry and rack.

Entraoment Devices

Qiscussion and Aoolication:

The hoop net is most effectively used in shallow water because of the

difficulty involved in setting it properly in deep water. It is best used in

rivers with a fair current where the direction of fish movement is

predictable.
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The construction of the net facilitates easy handling and it can be stored or

carried on, and deployed from, a small boat. Hoop nets 2 to 6 ft in diameter

can be purchased corwnercially.

The Fyke net is a hoop net with wings or leads attached to the first frame to

funnel the fish toward the enclosure. Fyke nets can be used in nonf lowing

waters where the movement of fish is random. The efficiency of Fyke nets may

be impaired in streams by trash and debris lodging against the wings. Like

the hoop net, the Fyke net is best used in fairly shallow waters, and it can

be deployed from a small boat. The Fyke net is a more permanent structure

than the hoop net because of the posts and anchors required to secure the

leads.

Trap nets are based on much the same principle as hoop nets, but they are

more complex. Floats and weights give the devices their shape, and

considerable experience is required to use them successfully. They can be

fished from shore or from a boat in deep or shallow water. A simple version

of the trap net is the comon minnow trap, which is generally constructed of

wire mesh, plastic or glass. Many variations of trap nets have evolved

(e.g., 0—traps, lobster pots). Traps can be fished very effectively for

slow—moving sunfish, perch, and catfish, when baited with cheese, cottonseed

cake, etc. The trap design and netting mesh size can be selected to meet the

needs of the survey. Traps can be useful for sampling fish in fast—moving,

deep waters where other methods are not effective. They are most efficient

in turbid water and are especially well—suited to taking bottom feeders.

Like most passive techniques, traps are most effective during periods of

extensive fish movement. Traps are considered to be the best all—around

method of taking samples of fish in large streams.

Additional information for the use and deployment of entrapment devices can

be found in Bagenal (1978), and Neilsen and Johnson (1983).
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SAMPLE PREPARATION

Discuss ion:

Preparation of fish samples follows the same general guidelines as for

vegetation samples. If samples are to be analyzed for heavy metals, samples

may be wrapped in plastic or placed in plastic bags. Samples analyzed for

organic pollutants may be wrapped in foil.

Procedure:

1. Collect the desired number of fish necessary for analysis.

2. Weigh each fish to the nearest tenth of a gram.

3. If directed, remove internal organs by slitting from vent,

anteriorally, to pectoral girdle. Fish should be weighed before and

after removal of organs.

4. Place fish in appropriate container.

5. Accurately label the fish sample with the following information:

o Date

o Location

o Habitat type (stream, pond, lake, etc.)

o Investigator name

o Method of collection (electroshocking, netting, etc.)

o Species of fish

o Weight (before-and after organ removal, if applicable) and length

o Comments (any notable characteristic of the habitat, fish

abnormalities, weather, etc.)

o Sample number

o Project number.

A12.2-12



POPULATION ESTIMATION

It is generally impractical and may not be appropriate for an initial survey

to attempt to obtain complete counts or absolute biomass measures by size

class and/or species in most fisheries' surveys. The biologist will obtain

reasonable estimates of these parameters based on population samples. Such

estimates are especially difficult in large rivers, as pointed out in Cleary

and Green Bank (1954).

On a whole, a large river may contain a less uniformly distributed fish

population and a less stable one, in any given locality, than does either a

lake or small stream. Thus, it is extremely difficult to make a quantitative

population estimate of a river, or even of a sizable stretch of it, by

sampling random localities at random times (unless a formidably large number

of samples are taken). The task is made all the more difficult by the fact

that most known sampling devices do not take a non—selective sample even in

the iniediate locality in which they are operated.

Finally, it must be remembered that the total population changes from day to

day, season to season, and year to year. Recruitment comes about by hatching

of young, ingress, and by artificial stocking. Removal is by angling,

comercial fishing, predation, death by natural and unnatural causes, and

exodus into connecting waters.

Collecting random samples may be adequate for determining the presence of

toxic and/or radionuclide contaminants. The collection and preparation of

fish samples must be compatible with the analytical requirements.
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DECONTAMINATION PROCEDURES

INTRODUCTION

Decontamination is essential to ensure the congruence of data from site—to-
site within a study area and to provide quality control and quality
assurance for the data collected. This procedure deals strictly with the
decontamination of equipment. Personnel decontamination is covered in the
AFP 4 Health and Safety Plan (Volume IV).

REFERENCE DOCUMENTS

A variety of decontamination protocols currently exist from state and federal
regulatory agencies. There is no single guidance document that has been
adopted by the U.S. Environmental Protection Agency (EPA) for hazardous waste
site Investigations. The following will be used as the basis for procedures
in this appendix:

U.S. Environmental Protection Agency, 1981. Technical Methods for

Investigating Sites Containing Hazardous Substances, Technical Monograph No.
23, June 1981.

U.S. Environmental Protection Agency, 1985. Decontamination Techniques for
Mobile Response Equipment Used at Waste Sites (state-of-the--art survey),
EPA/600/2—85/105, August 1985.

U.S. Environmental Protection Agency, 1986. RCRA Ground Water Monitoring
Technical Enforcement Guidance Document (TEGD), OSWER-9950.1, September 1986.

SIGNIFICANCE AND USE

A major portion of the work effort in the RI/PS process during the site
investigations is associated with the collection of chemical data. To that
end, procedures described in this section are critical to the credibility of
the chemical data collected. Decontamination procedures are directed at the
highest level of data quality proposed for the AFP 4 site (Level III).

APPARATUS

Generic Use
Photoionization detector; Either an Hnu, TIP II, or a SIP 1000. After
decontamination has been completed, equipment will be scanned for residual
contamination before the equipment is used again. If contamination is
detected the equipment will be processed through a full decontamination
cycle. All photoionization detectors will have current calibrations.

Soil Sampling Equipment (including split—barrel sampler)

• 6—mu Plastic Sheeting Ground Cover

' Stainless Steel Pans With Lids

' Wire Brush
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Scrub Brush

Teflon Squeeze or Spray Bottles

Aluminum Foil

• Waste--Water and Waste-Solvent Storage Containers

Drilling Equipment

6—mU Plastic Sheeting for Decontamination pad

* High—Pressure, hot—Water Washer or Steam Cleaner

' Methanol and Distilled Water Sprayers

Monitoring Well Pumping and Sampling Equipment

' Stainless Steel Buckets

' Steel Barrels

Soil Gas Equipment

Ultra Pure Zero Air

Methanol

' Rifle cleaning wire brush

PROCEDURE

Soil Sampling Equipment

1. Set up decontamination station using plastic for ground cover. Place
four stainless steel pans along the plastic with the first containing
Alconox or equivalent and potable water, the second containing clean
potable water, the third to be used to contain excess solvent from the
solvent rinse, and the fourth to catch the waste from the deionized water
rinse.

2. Remove all visible contamination with a steel brush and/or paper towel.

3. Wash equipment with scrub brushes and soapy water.

4. Rinse equipment with clean potable water.

5. Rinse equipment with laboratory-grade methanol
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6. Rinse equipment with distilled or deionized water.

7. Air dry.

8. Where practical., wrap decontaminated equipment in aluminum foil and then
place in a plastic bag and seal until ready for reuse.

9. Place waste wash water and solvents in appropriate containers for later
disposal.

Drilling Equipment

1. Clean auger flights, bits, and any other downhole tools prior to start of
drilling with a high-pressure, high-temperature cleaner using potable
water, followed by a methanol rinse, then followed by a deionized water
rinse.

2. Place cleaned tools on clean plastic sheeting to avoid contamination from
the soil or cuttings and allow to air dry. If equipment is transported
to a drilling location, it will be protected from contamination by
covering with a clean plastic tarp or sheet.

3. The work area of the drill rig will also be cleaned prior to the start of
work at the site.

NOTE: Sufficient auger flights and drill rods will be provided to avoid
unnecessary downtime related to decontamination procedures. After the
initial decontamination of all downhole drilling equipment, subsequent
decontamination will be performed only as needed.

4. Collect all decontamination waste water and place in containers for later
disposal based on analytical results from a sample of the waste water.

Monitoring Well Pumping and Sampling Equipment

1. As measurement and/or sampling equipment are removed from a monitoring
well, after having come in contact with the water, clean outside
surface first by using clean rags or paper towels.

2. Continue cleaning of outer surface by scrubbing with soapy water,
followed by a clean potable water rinse, a methanol rinse, and deionized
water rinse.

3. For equipment such as pumps and tubingthat may become contaminated
internally, clean by filling buckets with soapy water and pumping the
soapy water through the system Into an appropriate waste container.

4. Follow the soapy rinse with clean potable water by placing the pump in
buckets of clean potable water and allowing sufficient pumping to clear
the system of the soapy rinse. Containerize the water for later disposal.

5. If the system is to be used in the collection of volatile organics, pump
a small amount of methanol through the system followed by a deionized or
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distilled water rinse.

6. Collect rinsate from decontaminated equipment according to the schedule
determined in the Sampling and Analysis Plan (Volume II) and send to the
laboratory for analysis to help determine the effectiveness of the
decontamination procedure.

Soil Gas Equipment

1. Between samples, flush stainless steel pipe, tube, and probe tips with
ultra pure bottled air.

2. Before sampling, rinse expendable probe tips with methanol, rinse with
distilled water and allow to air dry.

3. Sampling probes will be washed with laboratory soap, using a brush to
clean the inside tube. This will be followed by a tap water rinse and a
distilled water rinse. Sample probes used in areas with hydrocarbon
contamination will be rinsed with methanol before the distilled water
rinse and allowed to air dry for 24 hours. All sampling probes will be
vented with ultra pure zero air before use.

A13.l-4
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